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Cfl AFTER XXIV. 

(L\STKllt)P()l)A. 

Tiik ({asti‘i' 0 ])()(ls are. JA >////. svn in n'lu'rh llic Inulij fir/';u'sli('<l 
i/'il/i if (Jis/iiicl hltdi, (Ui(/ (hr iiioiifh' 'is iin)rii(ti( irilh n hkis/I- 
tiilor// (ij)ii(i rnf US or “ Ihiifitiil rthhon.'' Loromof io/i is rjjirfid 
VI/ nil'll IIS of a hriiiiil, liorbaiiifollji-jliitlnird, riidnd disc — (hr 
‘‘Joot - or hi/ a rrrlirid(ii-j(idlrnrd, jiii-lil'r mod ijirnf ion of ihr 
sniiir. Till hod// is nrrrr iiirliidrd. in o hindrr shrU ; and liii.ii/ 
hi'^ iioJod. UsiodI//, lioirrrrr, f/irrr is n “ iniindrr'' slirii, or in 
snnir nisis n “ /n nil i ndir sJirll. 

This class incliuh's all (liosi^ Molluscous aiiiiuals which are 
coiiiiiiouly known as “ 1 Tiivalvi's,” such as Laud-siiails, Siri- 
siiails, Whelks, Iain]»ets, i^c. lii the Chitons, however, the 
shell is co]u])ose(l of ei,e;ht ]tieces {“ luultivalve ”); and in the 
Shius the sliA-ll is luinutc and coiuphdi'ly couceah'd in the 
manth' ; whilst in the Sca-slu^s and Sea-lenions the animal 
IS “naked,” and is (h'stitule of a shell. 

In their liahits the (lasteropods show itreat dif1erenc(‘s, 
most of them bein.e; free and locomotive, though some aie 
sedentary. 'riu; typical forms move about more or less 
activedy by the successive contractions and expansions of a 
muscular ornRin developed upon the ventral surface of the 
I'ody and known as the “ loot.” In many cases the posterior 
VOL. II. A 
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]^(irtion of tlio foot sc'creU'S a calcanjoiis, lioriiy, or fibrous 
plate, wliieli is called the “operculum” (fi_2. 382 , e), ami 
whicli serves to close the aperture of the shell when the 
animal is retracli'd within it. Lastly, in one aherrant L^rou]) 
ol‘ the ( iasteropods {Jfdcropoda) the animal is lifted for swim- 
ming in the open ocean, by the conversion of the “ foot ” 
into a vei'tically-ilatteiied tin. 

ilio respiral ory ]»roc(‘ss in the ( last('i’opods dilfers con- 
siderably in different cases; and tlu' elass may l)e dixided 



iiiLo two princijtal seetions, aveording as the animal is lilted 
lor bi’ealhiiig ail' directl)' or thi'oiigh llie medium of water. 
IIk! air-breathing (lasteroj.ods are known as (In* PuJ inoiudu 
or l^niinoiiijrn/, and conijaise forms which eitlu'r livi; on 
laud (Snails, Slugs, ^a;.), or which inhabit fri'sh waltu' (Pond- 
snails, Ac,) J he water-bri'athing (b'istero[H)ds an* mostly 
provided with distinct gills or “ hraiieliia*,” and they form 
tlie section ot the liranr/n'/nv.. They are mostly inhaliitants 
of th(‘ sea; but some of tlimn inhabit fresh water. 

>sy/r// g/' ///,• The of the axsfrrojxxfff is 

coni].osed either of a single piece (univalve), or of a number 
of plates succeeding one another li-oiii hefore backwards (inul- 
tivahe). J he univalve shell is to be r(!ga,nh‘d as essentially 
a cone, tbe a])(*x ol which is more or less oblirpie In the 
simplest lorin of the shell the c.mical shape is retained with- 
out any altenition, as is seen in the common Linpiet (/Wr//r/.). 
In the great majm'ity of .aises, however, the cone is (amsider- 
ably elongated, so as to lorm a tube, which may retain this 
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slia[»e (as in Daildl lum), Ijiit i.s usually coikul ii]) into a 
spiral. The ‘‘s])iral univalve” (Iim-. :}84) may, in faet, la^ 
looked u])on as tin! ty])ieal form of the sIk'H in the U<(stnr)- 
jiixhi. In soiiK' (‘as(!s (he coils of the shell — formed teclnii- 
cally the “ vhorls ”■ — ^are hardly in contaet with one another 
(as in / (riiiri/is). i\Iore commonly the whorls are in contact, 
and aiv so amalyamafed that the inner side of eac.li convolu- 
tion is loniHMl hy the ])r('-(C\istinp- whorl. In sonu' cases the 
whorls of the shell am coihal round a central axis in fhr .v///o- 
I'/niir, when the shell is said to he “discoidal” (as in the 
n.nimon fresh-water shell PlanorhU). In most cases, how- 
'■ver, the whoils arc* wound imind an axis in an ohlipue 
maiiiHM', a true spiral luhny formed, and the shell hec-oniiny 
'• tiirretcd," “ trochoid,” “ turhinated,” \-c. This last form (ii- 
is the oiu' which may he looked upon as m(»st ehar- 
aeteristic of tin', ( histi-ropods, the shell heiny conijtosed .)f a 



iiiimher of wIkuIs ])assiny ohhhjnely round a central axis or 
(olnnn'lla, laiviny tin* cmhryonic shell or “ nuchajs ” at its 
apex, and haviny the month or “aperture” of the shell ]dac('d 
at (he, e.xtremity of the last and laryest of tin* whorls, termed 
the “ hody-whorl.” The lines or yrooves fornu'd hy tin; jnin'- 
t'on of the whoils are termed tin* “sutures,” and the whorls 
above the hody-whorl constitnti! the “s])ire” of the shell. 
I lie axis of the sin'll (columella) round whii'li the whorls aiv 
' <'d(*d is usually solid, wlien the shell is said to he “ iniper- 
•"I’ate;” but it is sometimes hollow, when the shell is said 
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to 1)0 perforated,” and the aperture of the axis near the 
month of the sliell is called the “ uinhilicus.” hlie iiiart;in ol 
tlu‘. “ aperture ” of tlie shell is termed tli<‘ “ ’jx’risioim',” and 
is composed of an outer and imu'r li}) (li,^. dS;!), of wln'cli 
the foniier is often expanded or IVim^ed witli s])ines. Wlien 
these ('Xpansions or friie^ies an' ])eriodiCcally formed, the ])laee 
of the month of the shell at dificrent stages of its yiowtli is 
marla'd hy rid_e(^s or rows of spines, wlneli cross tin*, whorls, 
and are ealh'd “varices.” Tlie animal withdi'aws into its 
shell by a retra(‘tor mnsele, which passes into (he. foot, or is 
atlacluid to tlu' operenlnm ; its sear oi’ im]ir(‘ssion beiiiy 
placed, in tln^ spiral I'nivalvcs, upon the columella. 



I'i’/ !'.s I , - .SVmO r . '<■ 

a II,,. 


: ;i Si- 


lii>t,,iii,il,iiis CliivalNi-. 


],li,,1i.i-,l.illiat,ilis L'lii\ :il\ !■. 


In tin; mnllivalvet (lastero])ods the, slnh is composial of 
ciyht transverse imbricaUsl ]tliite,s, which succeed one anotliei' 
finm ])efore backwards, and an; mnbeddiMl in the leathmy or 
tilaons Itorder of tin? manth*, wliich may la*, jdaiii, or may be 
beset with bristles, sjiines, or scab's. 

In tin; marimi tlnivalv(‘s two important vai'iations ('xist in 
tlie l(/rm of the mouth of the shell. In one ^roup (lie’. '184) 
(he month of the shell is unbroken or“<mtire,” not having 
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any notch or iiidcnitatioii of its margin. Tlic sliclls in which 
tlic nioutli lias this form ;irc termed “ liolostoinatous and 
for the most i)art tliey belong- to (lasterojiods which are 
jdiytophagons, or live n|)on vegetable food. The ])oss(‘Ssion, 
however, of a, holostomatons shell in naility sini]>ly proves 
that tin; animal had no respiratory “ sijihons,” or tube's 
foi-iiK'd by the Jhlding of the m.antle. In a second gron]) the 
ap('i-tnre of tlui shell (fig. MSo) is notched in front; and the 
shell is said to he “ si[>honostomatous.” Tliere may he a 
posterior notch as W(‘ll as the anterior one, ami one or both 
of these notches may he ]»rodnced into longeer or slimlei' 
canals. The Si]>honostomatous Univalves are niainly car- 
nivorous in their habits ; hut the notched mouth does not 
lu'cessarily indicate the nature of the food. '1,'he ]toss(‘ssioii 
of a siphonostomatous shell, on the contrary, merely in- 
dicates that tlu' animal possessed tubular inllections ol' tlie 
niantle, or “ resjiiratory siphons,” by which the watiu* is con- 
veyed to and from the gills. 

Dirisid/is of flir <uislcrojunJ(i- — The following talile shows 
the (diief divisions of the iUtsh roiHxht : — 

T.\nLr: or the ( hvsTCRoroDA. 

Si;c rioN A. I’u.vNCiOKKitA.-- luspiiatioii aipiatic, I'V the walls ot tlie 
iiiniille-cavity er l»y gills. 

OiOiKK I. l'i{osoimANcni.\T.\.— The hraiielnhe situated {profuni) 
in advance (if the heart. 

Ihrisifiii a. >\t fJi'' shcli-iipitfiiri 

nnlrlhil nr iionhirn} iiit» « ranul. Tliis division conijirises tin' 
families of the Stronihiilc’ (Wing-shells), Mirririihr, HiirnimJir 
(Whelks), Cniiiilx’ (Cones), r„lntida- (Volutes), and C;lf>r<r;,ln- 
(ttowries). 

Dirirlnii h. lloJortninatn. -Miii'iiin <\f fix’ rhrlJ -aprrturr 

ranhi 'iintrltnl xr ponhicrtl iiifn a omul, 'fliis division 
includes the families of the Siffichhi ^ I'ljrinnithllidir, ( Vrilli linin', 
Mihmiitilir, Tnrrllrlllilir, J.lilnri iiiihr (I’eiiwinklesg Pnlinliniiln 
(l\ivei'-snai1s), Xrrifiihr, TinlnnuUv ((rop-sludls), J/nllut hlir, Fi.<- 
sirri lliihr ( Keyholedimpets), ( '(fh/ptre h/fr (Roniiet-limjn'ts), Pnlrl- 
llihr (Limpets), Jh’nhdiihr (Tooth-shells), and ('Itiloiiiihi'. 

OitUKii 11. Oi’isTHOHHANcniAT.v. — Jh'aiiehia} placed towards the 
real’ {ojiistln n) of the body. 

Jdrision (i. T('i'iil>r(inchiuta.~ Drnm'hiiv mrrrol hi( thr dull nr 
mnntir. A sJirU in mod. Soi'cs united. Ihe division includes 
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the fiiim’lios of the Tornnlflliihi\ Hidliiln’ (lhil)l)h'-s]i(«lls), Aiihj- 
siadd' (Si‘u-liiirt‘s), ]*(i arolminrliiddif ,, ;iiul Phijlluh((ilit'. 

I J). Xndihnf Ill'll iittn. —^inuitdl di .-ititiitc of n, dndl iii llu' 
(idiilt I’liiidil lull. Jti'Ulli'Jilif’ r.i'fi'l'llil I, ml llii' Ixii'k m' sidis nf lln 
hodi/. Tliis tlivision iiulutlea tlu; variuiis iiaki'(l (raslrrojuKls 
coinnioiily known as Sea-leinons and iSi'a-sln^'s. 

OuDi'iR III. NiTLKonnAN'i'iif.vTA, or IfCTKKoroDA.— SI k‘ 11 present 
or ahsi'iit. Animal free-swinimin.y and oceanic, witli a tin-like tail 
or llattfiied ventral tin. 'Phi.s order includes the two families of the 
Firididu and Atlifiiiidir. 

8i;cti<)N Ik TrLMuxirKRA.— lleapiration aerial, hy means of a piil- 
luonai'V ehamher. 

Orokr l\'. iNOPKRcrLATA. -Shell not provided with an oper- 
e.nlnm. This order eom[irises the families of the Jhdlridir (h;iii(i- 
snails), Liiiiaiudif (Sluys), < Inciilindii'^ Liiniiu'idir, (Pond-snaih), aial 
.1 iii'iriiliilii'. 

Ordkr V. Oi’KRcn.ATA.—Sheli provi'led with an opiM'ciiliim. Ln 
this oriler are the taniilies i'lji'lnslumidii and Arii'iflidu , 

Dislrihiif loii iij (hr (liisfi'i'iijKiilii ill (iiiir . — iVs Is tin* 

gt'iioi'al distrilnitioii of tlio ( lastori)))(»(ls in ]iasl linio, all tho 
laiiiili(‘S (d' tin* J^i'iixidirirnrh in/n an; known liy fossil i'(‘])i'(‘s(‘n- 
taiives. 01 tln^ (l^nsl hulird iirluniK tlio Toctilivaiudiialti section 
is tolcrahly AV(d] rc]»rcs(‘ntc(l in ]»ast tinuw, but tlui section of 
the Xiiihliriiiirhuifd, IVoiii the total absenct* ol’ tlie slndl, is not 
known at ;ill in the fossil coinlition. Ilotb faniilies (d’ the 
Jfrtrriipnila are represented by hissil forms. The Ihilmonate 
Oasterojiods, trom tlie fact that they (dtlier live on land or 
inhaJ.dt tresh water, an* necessarily not so fully r(*])reseiiteil 
in past time as are tin; branchiate ( laste,ro])ods. Still, lu-arlv 
all the families of the air-breathiie^ Univalve's have fo.ssil 
represeiita lives. 

J aken as a wlnde, tin; (/nsfrropdild ai'e ri'jui'sented in past 
tiiiK! Irom the I ]»per ('ambrian rocks upwards. Of tlie 
Jdrtnirhijrni., the /fiilostnniiif/i are more', abundant in the 
rala-ozoic yieriod ; and the Sijihnnnsfnniiifn ])redominate more 
in the Secondary and Tertiary jeeriods, attaining their maxi- 
mum at the pncsiiiit day. The ]daee ed’ the carnivorous 
biphoiinsloinnfii, iu the I’aheozoic .sea.s a.])]»ears to have Ixmui 
lilh'd by the I etrabranchiate Ue])halo))ods. Tin; J’lranchiatee 
Oasteropods of Iresh water are chietly repmsented as hissils 
by the genera ridid/im, Valnifn, and Anipidhrrh,. 
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Tlio Ildrropodd are likewise of very ancient orii;in, liaving 
coniineiKuid their existeuee in tlie Upper Canihrian deposits. 
The ;j;(',uer[i ItdlcropJuin, (Ji/iioliti's, and MacUura an; ex- 
elusively Uaheozoie-; Hrl/rropkiiuc is fniiiid in tlie Uault 
(Secondary), and Cariiwria lias been detected in tlie Ter- 
tiaries. 

Tlie I’nlnionate (dtsirropoi/a, as was to he antici]>ated, are 
not found abundantly as ibssils, oceiirriiij.'' chieliy in lacus- 
trine and estuarine deposits, in wliicli the genera L'uiuian, 
7V^//se, Aiirtfliis, d’.e., are amongst those most conimonly re- 
])reseiit('d. These, however, are (uitirely Mesozoie and 
Kainozoic. In tlie I’aheozoic period tlie sole known re])re- 
sentatives of the J^iiJuioni/rni are the Vnjxt 

rrnmi J)if irsniir//((. and Zvutft's jn'isciis o( the 

( 'arlidiiireriais rocks. 

Ill the following^ are given the characters of those families 
of tin; riijKxht which occur in the fossil slate, with the 
liaiding genera, of each family and tlieir range in time. 

Ski T[o\ A. I)I:anuiiikkk.\.-- Ilespiration aipialie, geiu'ralh’ 
by gills. 

OlMiKU 1 . I’lGOSOllUANlMlIATA.— t 7 ///.S .s/ 7 ce/iv/ 'ui (ulrourf (if 
fli(‘ liridi. 

Dirismii ((. SipluuioddiiKtio . — Mouth of tin:, shell uofehed^ or 
jo'od Ui'iil ni/o a niiod. 

Kam. 1. STiaiMi'.JD.i:, — Shell with an expanded li]», deeply 
uoIcIkmI near the canal. OjHireulum claw-shaped. Toot 
narrow, adapted for leaping. All the cxisling gmiera of the 
Sleoinhido' are, re])res(‘nt(‘d in the fossil state, but the. family 
does not seem to ha\’e come into existenci! before the dnrassic 
period, and it attained its maximum in the Tertiary janiod. 

The genus Atromhus has a shell with a shmi spire, a long 
aperture, and an ex]ia.nded outer lip, there being a. posterior 
as well as an anterior notch. The Strombs are rejnesented 
in the Tretaceous and 'rertiary rocks, but they attain their 
maximum in existing seas. 

The Scorpion-shells form the genus rieroreras (\v^. oSh), in 

^ Tu till) chnracti'rs of tin- faniilioa of tho (tasti'ro/mld, ns in llioso of liir 
t^iniirJIibranchinla, AVoodwanl’.s ‘Manual of tlu' Mollusca ’ lias boi'ii mainly 
followoil. 
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which tlu! slicll of the adult has its outcM- li]) furnished witli 
loiui claws, oiu; of which toriiis a posterior canal close to the 



s])ire, i\rany fossil species are known, coniniencinjj; in the 
Lias. 

In the genus Tiusfrlh/rifi (fig. ‘>8V), tlu' s]tire is long, and 
lias tlie ]»osterior canal running up it. Maii}^ fossil s]iecies 
are known, coinnuMicing in the ('retac'cous rocks. The outer 
lip is always expandcil, and in some iorins is enormously so. 
One ot the most familiar s)»ecies is the great //. (lig. 

of tlie London ( -lay (I'loceiie). Lastly, the genus yV/'ey/A,s 
coni])rises smooth slu'lls, with a short or ohsolete spiia*, a thin 
outer lip, and a long narrow mouth. The fossil s])ecies date 
from the I'locene Tertiaiy. 

Kam. 2. IMuinciD.i;. — Shell with a straight anterior canal, 
the aperture entire posteriorly. Toot broad. The Jllvrlrida- 
are essentially characteristic of the Ti'rtiary and Tecent 
periods. They commence, liowever, in the Jurassic rocks, 
in some doubtful examjhes, and they are certainly repre- 
sented in the Cretaceous locks by not a few forms. 

Tn tlu^ genus Afim r, the c.anal is ol'ten very long, and 
may be jiartially closed ; tlie shell is oriianiented with Ion- 
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Ftisiis, distin<;'iiislied hj tlie s])indlo.-s]i:i])(!d, niaiiy-wlioiied 
sliLdl, and straii^lit canal (fig. d(Sl)), aj)j)(‘ars to have its 
coinineiiceiiuait in the Oolites. Specii's of Fifsiis heconu‘ viny 
iiunierous towards llie close of the, Cretaceons ])eriod, and tliev' 
are very ])lentiful in the Tertiiiries, Oiu; ot tlui coniinon los- 



sils of th(! lied ('ray; (Xew(‘r IMioceiKd is tla^ ri'Aan'sed shell, 
Ffisii.'< (iv^. I'), which is now known to exist 

in the liviia;- state as well. 

Tlu' most ancient re)»rt^scntative, of the if riyhtly 

referred here, is ])rohahly the, i^enns FuFisjilnf (liy. 001, \), 
of the Lower and r])per Silurian. In this i^eims the shell is 
iusihji’in, with an elevatiid spire, the, mouth hein^' elli])lical 
and ])roduced helow, and tlie eolunudla twisted, luit without 
folds. 

h.A.M. 0. Ihjecixiim:. — Slidl notched anteriorly, or with 
the canal reflected, ])roduc.iny a kind of varix on tlu; front 
of the shell. With the (‘xception of the extinct ;4enus /'///•- 
pnriiia of the Lower Oolites, and some s])e(‘i(',s of Fiirn'iiirm 
in the, (hvtaceous rocks, tie*, family of tlu; Jtutrinhhr is ex- 
clusively confined to the Te.rtiaiy and llec,ent jxu'iods. The 
two yreat lamilies, tlu'refore, of tluj Mn ricidir and Fin’cui iihr 
are esseiitiidly chariieteristic of the later periods of the 
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carili’s history. The most important fossil "eiiora of tie' 
Jj/iccuriila' are Hkccuuuii , Tcj'chra, Nam(, Parpurn, Cassis^ 
and Ollrd. 

Tlie Whelks form the genus Jiifcrlninji (fig. 300), distin- 
guished by the veiiLrieosi; l)ody-\vhorl, large apertiiiay and 
shoi't reih'eted canal. Some few species of Ihurhuuii are 
touiid in tlu5 (h'et aceons rocks ; l)ut the genus is essentially 
Tertiary and heceiit. 

Tnrhru com])rises the Aiiger-slndls, distingnislied from tlu' 
W helks hy their long, pointed sliells, consisting of many 



•■'ia ■"■'1. I'li-ii-ijiirn fi II mis I.hwit Siliiri;ni (.iltcr ll.'ill); ii, .Vov-w /■/, -.(7/.',,,' 

IK' (Utri- Si'aiii's Woo.i) ; i'. HI miii nln n ufrli'iisii ■ I’lio.a'iic (an,'r S. arlrs \V...Mn; n, i -’ 

Iliir Ci'ii'ilii-Iihitiis .Miiicciii' ; K, I'lii Iilii ,■llil■lll.^tll- l'\\iH-f\n‘ ; i\Fii^h~ r, ; 
(;, I’liqnini /< // - I’li.i.'clH' Scarlc.s Wood); ll, .s7ao//i7(.s /, y, ,,,,7— r(i|>or Sllu 

li in (al'tri- Hall), 

wliorls, and having a small month. Tlu^y commence in the 
hiOcene T(‘rtiary. Th(^ I)og-wlielks also commeiue 

in the Kocene, and are, distingnislied from the Whelks chielly 
hy having the colnmellar li]) expanded and callous, with a 
tooth near the anterior canal (lig. 301, n). The shells of 
the genus Ptu'purd, (lig. 301, c) have a short spire and wide 
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:i})ortin'o, witli an expaiidod and llatU'ucd inner li|». They 
(‘oninience in tlic Miocene. Terliaiy. JiiiKiiciila (iii;'. 2 01, c) 
lias a Y(‘ntricose yliell, witli a small s])ir(', the cnlnniella 
callous and dcu-ply plaited, and the outer lip thickem'd and 
retlected. The genus eommences in tlie i\Iioei‘ne Tertiary, 
and is ri'jtreseided l>y living spi^ah's. AVi* may alsd, ])i'rlia|)s, 
pla(‘(' in this family, possibly in the. neighhom'hood of T( /‘dwa, 
tlu! Silurian genus Siihi(/i/<s (^'AO \ , ii), which in this case is 
the most a.nciimt representative of the family Jlunuiidjf. 
The shell in this genus is vtay long and sleiidei', with ;i long 
spire, and an extended hody-whorl. The moiilli is narrow, 
vith a sharp, not (-alloiis li)); the columella is Irmuntt'd 
hi'low, not }»la.iled or tootheil ; and there is a dee]) hasal 
notch. The J lelmet-shells {(\tssis) hegin in tlu' h^oci'iie, and 
are distinguished l>y their short spire, large hody-whoih long 
a|)(‘rtur(', recurved canal, and ex])ande<l inner lip. Lastly, the 
Olives {Jdlirii, fig. 2'.l2, .\) and Lice-shells (0//Vc//e) are ehar- 
acterisol lyy their cylindi'ical polished shell, with a short spire, 
a long narj'ow [iju-rturi', notched in front, and an ohliguely- 
striated (a.iluniella. 'i'he living Olivi’s are tropical and suh- 
tropical in th(‘ii’ distrihution, and the fossil s])ecies, e\c(‘])t 
for two oi- thre(‘ Cretaceous s])ecies of C//V»/A/, conimtuice in 
till! Koceiie Tertiary. Jiirilhiria (lig. 21)2, n), dating from 
the Eocene, is nearly relat(‘d to (f/ini, hut the spire is pro- 
duced, aiid wholly covered with enamel. 

f.AAt. 4. CoXlD.i;. — Shell invei'sely conical, with a long 
Jiarrow a})eilure, the outer lip notched at or lu-ar the suture, 
d he (^niinhr coniineiKa*, in tlu; Cretaceous loi ks, ahoiiud in 
the lertic.ries, and attain their maximum at the present day. 

the true Cr»ii(‘s form the genus (tig. 222, c), and 

are distinguished hy their slioit sjiiin and ri‘gularly conical 
shell, ot which the outer lip is nohduMl near the suture. 
1 he (ones are r(‘]>rese,nte(l in the. Chalk, hut are. iiiainly 
I ertiary :md Ite.cent. CVsv/r/h conij)risi‘S ( ones with a 
])hiited cohimellar li|), and is essentiallv a. Creta(H‘()us tyjHX 
1 he genus Jlntrohniia (lig. d) js distinguislu'd l)y a 

s])indle'shaped shell, with a long s])ire, the outer lip having 
a di'ep slit near the suture, d'lie genus commences in the 
(^halk, and has an ouoriiKJUs development in the Tertiaides, 
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from wliicli nearly tlirec liundrcd spceies arc known. Tlie 
liiaxinunn, liowever, is attained in existin- seas, in wliieli 



llici'e are. very nnnierons sjiecies. llarstnun , daliny iroin tlu* 
Ivx’eiie, is near tin*. ]>reeetline;, but lias an obli([uely-li»lde(l 
cnliiinella. 

Kam. 5. VoLiTiu.K. — Slu‘11 turretc'd or convolntia the 
:i]iertui'i; notched in trout; tlie eolnniella. obliiiiudy ])laited. 
No ()])(‘rculuni. Foot very lar^e ; mantle olten relleeted 
over tlu' shell. Tlie living memhers of the le/e/o/o ore 
cliietly inhabitants of warm s(‘as, and are e.l'ten remarkalde 
tor their brilliant colours. The lamily doi‘s not apjiear to 
have existed till towards the later portion ol the ( ir'laeeous 
pei’iod ; hut it is abundantly rei)resented in the Tertiaries. 
and attains its maximum in existin'^ seas. I lu* most im- 
])()rtant oeiiera ari^ / and Miira. 

The true Volutes form the i;enus VoluUt (liy. :d)3), eharae- 
terisiid hy the short s])ire, lar^e, de.(‘])ly-noteheil a])erture, ami 
(‘olumelhi with several ])laits. Species ol / o/e/o, occur in 
the Cretaceous jieriod, but the genus is mainly iertiai) and 
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la'ceiit. There are several suh-n-eiiera of Volnfn, the innst 
important being the E«)eene Vol nt witli its niaiiy- 
wiiorled spire. In tlie genus Mifnt 
tlie slu'll is s]»iii(lle-slia])e(l, witli a long 
S])ire and small moulh. The Mifnr 
eomimaiee in tlu; ('ri'laceoiis ]»ei'iod, hut 
tlu^ fossil speei(‘s are mainly distributed 
through the Tertiary formations, (d/- 
tni(hr}/i)i<( and /n/rh/ are (Tetaceous; 
and the living genera l^olroria, and 
h(‘gin in tlu; Kncmio. 

Tam. C). ('vi’K.rai).K — Slu^ll e.onvol- 
ute, enamelled ; s])ii’e eoneealed ; a]uM- 
ture narrow, channelled at eiich end. 
Outer lip thin in the young shell, hut 
thickened and inllecttul in tin; adidt. 
Toot broad; mantle forming lobes which 
nuM't over the hack ol‘ the shell. TIk' 
mdy im]>ortant genus of this family is 
that of f/////vrn (tig. illtl), compi'ising 
th(^ nuiiK'rous and well-known li\iiig 
.shells whieh an* e.ommonly called ( ow- 
ri('s. Tlu‘. th/p/v/vc are. maiidy, hut lud 
e.velusivelv, iidiahitaiits of warm siais. 
f'O tliny allMiii Hum' ligh.'st 
numt h(‘tW(‘(m the, tro])ies. The fossil 
sp(‘,i'ies dat<.‘ from the ( 'retacisjus ])eriod, and abound in the 
Tei'tiaih's. 

Th(^ sh(dl of th(i Oowri(‘S in the young state is furnished 
with a ]irominent spire, and has a thin outer li]). In the 
adult state, (tig. oh t) the sjtire is completely concealed within 
th(‘ sIk'.II, tin; entire surface, is geaierally covered with shining 
enaimd, the, inner li]) is cre,nulat(‘,d, and the oiitm' lip is thiek- 
(Mied, inllected, and cnmulated. The small Oowries of which 
di/prini Knrojxra is the tyjKg an* not known as occurring in 
the fossil condition. Ori/linn, dating from the l^locene, iv- 
scanhle.s Cifproa^ l»iit tlu! inner li]) is smooth. 

IHrimon h. UvhistonHtfa. — Manfin of (hr, xhcll - ((jxrf iin 
“ (’Ilf/ire f rardy noldud or prodvcnl into a cannL 
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Fa:\i. 7. NAriciD.K. — Sliell gloFular, of few wlioils, witli a 
siiiall spire; ouUo' lip aciile ; inner lip ([lillar) often ealloiis. 
Font very lnru'e ; niantU' - lobes bidiiiit 
more or less of the. sbell. 'I'liis family 
is staled to eomineiicc* in the I7j)per Si- 
lurian rocks; but tluu'e is considi'.rable 
uncertainty as to the true, albnities of 
die Fakeozoie fossils wbieb are referre(l 
here. The most iiiijtortant ib.ssil oenus 
is Ndfira itsi'lf. 

The shell in Ndfim dOo) is thick, 
siiioolh, and ]iolished, often with coloured 
markings. The inner li)» is callous, and 
tlu‘ slie.ll is unduli<‘at(‘d. lM)ssil Xnlutr 
liavt' been descrilied li’om the l’])]K‘r Silu- 
riaii, Devonian, Farhonih'rous, and Feiauian r.jcks; and they 
iite verv ahiiiidant in all the Secondary and Tertiary i’or- 
iiiations. There, is .^navt doubt about the (rue albnities of 
the more ancient shells referred luu-e ; 
and th(^ typical Xnflnr, uith a. wide 
uiiihilieus and a twisted columella, an' 
ivpresented Iw vi'i'y few forms even in 
die ('retaceous iteriod. Xal tcojisis (tie’. 
h'.lT, u) of the ('arbonih'rons ; Au//ce//o 
of die Trias ; the -lurassic Xiispini, with 
its elevated sjiire and ano'ulated whorls; 
and the Tertiary (/lohiihts, an^ close, allies 
of Kdiint ])roj)er. Ktirlcd (liLf. d‘,l7, (’), 
with its sjiirally-striated shell, and Am- 
dirni^ rano('. from the Dn'taceons to the present day. Ihshu-^ 
Hi'-sid, of the Foc.ene, is a link between tlu' Xdficu/d und 
X rllidd' ; and Si;/dr<iii>^ (lii^. dd)7, a), ranj^iny from the Foemu' 
to the decent ])eriod, is easily recognised by its wide api'i ture 
and minute s])ire, 

Fam. 8. rYiJAMlDKia.liniv — Shell turreted, with a small 
ajicrture; sometimes with one or more prominent jdaits on 
(he columella. Operculum horny and imbricated. The 
i)iraiiiiddliil(v comnu'.nee in the. Lower Silurian rocks, and 
nptiear to be on the decline at the present day. The chief 
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fossil forma belong;- to llie genera Piframlddh, (JIicmnif:l((, 
Eulinut, , anil MarrorJii tf iif^. 

In E;ir(tmuhll« (tig. oDT, D) the sliell is slender and tiir- 
reted, and the colnnielhir lip is jilaited. The gmiiis is doubt- 
fully represented in the Creteeeous, but tberi; are various lor- 
tiary and many living s])eeios. Oi/oslom ia , 
with a lew (u’etaeemis rejiresentatives, 
but oceurring more abundantly in the 
d'ertiary, inelndes minute, turi’eted sbidls 
with a single tootb-liki; eolniiiellar fold. 

(dn ut (lig. o) inelndes a num- 
ber of slender, tnrreted, maiiy-wliorled 
shells, with ])laited whorls, and a simple 
a]ierlnre. The geiins ap])ears to eom- 
menei‘ in the I’ermian rocks, and whilst 
more than one hnndriMl and lifty fossil 
species are known, the number of the 
living forms is very small. i\lany of tli(‘ 
shells, how(!Ver, included under this head, 
an* of very doubtful allinities. 

Eidiiiui (lig. :d)7, I') inelndes small, polishe.tl, elongatei! 
shells, with h'Vel whorls and a relleeted inner liji. Eiiliiiin 
are of donbtl'ul oeeiirrenee in the, ( 'arbonil'erous rocks, are 
s])aringly repi'i'seiited in the Siicondary rocks, iind are toler- 
ably almndant in the d'mtiaries. 

L():ri)in:iiiii (tig. bit 7, K) extmids from the Silurian to the 
dh'iiis, Init is most abundant in the Carboniferons. The shell 
in this g(‘nns is long and tnrreted, with conve.v whorls, 
which have, no spiral baud, while the sniTaeii is covered with 
longitudinal, often more or less are,be,d threads or ridges. 
j]fttnvrhriliis (tig. bOG) includes thick smooth she.lls, with 
cniivex whorls, an oval, not (listinctly notched ajierture, ;t 
callous inner lip, and an imperforate columella. Tin; genus is 
mainly or exclusively Jtevonian and (airboniferous, and ne 
Secondary or Tertiary forms have lieen detected, thongb :i 
living Ja])anese shell has been referred here. The darlion- 
iterons (Jrfliunrhiif is allied to Lft.ionenm, and the 
of the same tormation proliably also lielongs to this family, 
though it has adinities with Fa^tMvria. 
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Fam. 0. Certtiitaipe. — Slioll spiral, turrotod ; nportiiro 
■li:iiiiii‘ll(‘d in front, witli a loss distinct postoi-ior canal. Lip 
j;(!norally (o\pand('d in tlio adult. ( Ipoinuluni horny and 
spiial. The Cciilhiiijltr an; lixclusivoly conliiied to tho 




Sivoiidarv, T('rti:irv, mid Locont ]i(‘riods, mid arc vo]u\'sontod 
ill llio d'orliiirv rocks liy a, vast nnnil)or of lorins. TJio 
iiii»:d, iiiiportmit fossil fnrins InFaiy to the yoiu'ra. ( rn//inim, 
Xn'lmnt. mid A jUH'rhifis, of wliich Xn'hu>,i is 
extinct, mid is cxidusivcly conlinod to tlic S('condarv period. 

Lor all ])raclii':d pnrpos(‘S (/rndituiii and Pafio)) nJis iniiv 
In considmvd toyidlior, :is no strict lino, of doinm'cnlion cmi 
ko drilwn hotwoon the iossil lorins. In both, the shell i^ 
tiirrot(‘d and iiimiy - xvhorlcd (liy. oDS), with or witluuit 
viiriocs. 

The aperture' of the slu'll is small, with a (ovtuous an- 
ti'i'ior cmial, and an expanded outer li]). Most ol the liviny 
lorins are inhiihitmits ol Iresh or liraekish wiile'rs, and the\ 
m'e. ehielly found in liot climates. The Iossil lorins. to tlu* 
mimher of nearly live liundred, commence in the Trias, hut 
fhey attain their maximum of development in the l^aiceiie 
Tertiary, 

VOL. n. 
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Ill tlie genua NeriiKva (figs. 81)9 and 400) the shell is 
tiimded, iniiiiy-wliorled, Jiiid nearly cylindrical. Tlie coliuii- 
ella carries cunlimiuiis ridges, and similar ridges exist on the 



Fi,;.:. Fi..% .Vi IrK-li.mil li^ruiv ^l|llV^'s tin: .'iiiikmi-- 

Ii> II III. /ii ^'l/l■||^^ Clialk. aiii'i' liy tli<* \slirii 

'iVrtiuiy. \.-rlii'ally (.uraJ lla;.', 
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interior of' the whorls, so that casts of the intei’ior o! tlu‘ 
sliell arc olten very unlike tin* form of tli(‘ exterior. The 



ajiertnre of the shell is ehannelhsl 
in front. Tie; sjiecicvs of Xtriii/m 
ar(^ exclusively dni'iissie and Cri'ta- 
c(‘(.)us, and are vei v nninerons. One 
of the, liin(‘st(»n(‘S of tlie dura, he- 
lii'Ved to h(' ol' the. age of the Coral 
hag (Middle Ooliti') <»f llritain, 
ahounds to such an (extent in thi'se 
shells as to have gained the name 
of “ (falcaire a Xeriin'i's.” 

With the ])rcccding may he as- 
sociated the Secondaiy genera Eu- 
•s7o///rg Ethiihl, 

and CcrUiiht., and the 'i’ertiary, 
Qiioifiif and Mrsosfowa. 


Fi- 101. -.mi,T/i-/;.s ]‘,iri:hi. genus JjKirrlifiis, with various 


ii'iiii. ('n’t.ifiioMs, 

Sliirkic OiinliiiT.) 


(.\ruT . 1 . vOated forms, constitutes a distinct 


gronji, with strong alliances with the 
f'^tronihi(l(f', and often raised to the rank of a distinct 


family (Aporrlt(d(h-). The shell in JporrhaU (fig. 401) is 
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sjiiiidlo-yliapod, a tuiTcdiMl spire, tlic oiit(‘r lip of tlie 

adult beiiip pnailly (‘X])aiid(;d and IoIxmI. Owiiip' to the 
devdopiiuuit of a \V(dl-inarked anbulor eanal, and often of 
an (“([iially ('ojisjjienous posterior tnbe as well, tin; shell he- 
cunies distinelly “ si]>lionostonia.tons,” and the j^enns should 
prohahly he ]ihie(‘d in the ininiediate vieinity of Pft'rocrrds 
and Il<)st(Hi(rui. The entire pi'oii]) makes its tirst a)tj>earanee 
in the durassie ])eriod, attained ils niaxiinuin in the t'reta- 
eeons, deeiH'Used in nnmher in tla; Tiutiary, and is re})re- 
seiit('d Ity a few forms at tlu' po'sent day. 

Tam. 10. i\rKi.AMAi).i;.— Sliell s])iral, tnrreted ; a])erture 
ol'ten ehaniudled or noleluMl in ii'ont ; outer li[) aente. 
Opereulnin lioiaiy and spiral. i\Iaiiy fossil shells have ])een 
r(Terre(l to the Mrln hut it is prohahle that most of 
these htdoiiy to tln^ Talu'ozoie penns Loioikuhi and the 
AT'sozoie ('li(')nii Various forms of have been 

deserihed fi'om the later S(‘eondary ro(d<s, and thc‘ penns is 
well lA'presentiMl in the Terliai'V jieriod, as an; also tlie 
allied Jfchi /iDjisis and ( ! if I'vfotmi . All th(‘ livinp sjx'cies in- 
habit fresh water, penei’ally in the Avarmer jiarts of the 
Wdihl ; and it is ju’ohahh! that all the fossil speeies oeeiir 
only in llu\'iatile and laensli'int* deposits. 

Tam. 11. Ti i;i;itk!.i,ii».i:. — S hell tubular or spiral, olitui 
turrel(Ml; upper part partitioned off; a])ertnre simple. Opei- 
(’uluiii lioriiN', niau\-who)’led. fdot \’ery short. Tramdiial 
])luiu(; sinphe Tie; Tu rritflli<lir an* not known to have 
existed in the Taheozoie ]ieriod ; hut they appear to coni- 
uieiiei! idiout the middle of the durassi<- ])eriod, ahoundinp in 
th(! Tertiaries, and attaininp their maximum in existinp seas. 
Tlie chief fossil peiiera, are Ti> rritrlla^ Wiiihl and K-ahnifi. 

In Tiirrihilii (lip. 402) the shell is tnrreted, manv- 
whorled, and spirally striated; the ajierture is small and 
'■"Unded, and the jieristome thin. Spt'eies of Turritilhi 
have been deserihed from the Tahv'ozoie and ohh‘r Vesozoie 
loriiiations, hut idmost certainly helonp to tin* penera Mhi- 
rlrisnnvt and L).rnii,inif. 'flu^ peniis is for the lirst time 
I'epiesented with certainty in the Lower ('retai*eous rocks 
(Xeoeomian), and many fossil s])ccies are found in tlie 
d'ertiaries. 
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The ^ueiiiis VrriDri eoin])rises liilnilar sliells, tlio cliic'l’ 
interest oi whieli is llu* slrdiin’ reseiiihlaiicc wliieli llu'V sliow 



to tlie AiiiK'lid.ais -einis S^ri„>h<. The sliell is aKaclicd, and 
tlioUL^h I’l'^j^'idarly s^aral wIkmi yonne’. i'> al\\a\s iri'f'yulai' in 
its yifu\t]i wlaai adult. 1 lie l(issil sjiccies aro hast distin- 
ynisli(‘d iVoni Sn-imh, l.y the fact that the tnlic is iv].ealadly 
]i(ii titi(.)ne(l oil l»y calcareoiis sopla as tin* animal nrows. 
It is, liowevcr, olhai a, maltar orcxlrmno dillicnllv to delor- 
mine, whetlier a yiveii sjtccimmi lie a I'i-runlus oi' a >SV/yo/Ae 
Ie)ssil J^rriinli are known rroni tie; Lower I'lvtaeeous ii]i- 
wards. SiJuj, un-in (liy. 40::), daliiiu i'vnui tlie Loeeiie d'ei'- 

tiaiT, 1(-S(‘mhles I'n-unlns in most resperls. lnit iIk^ luhe lias 
eontimions loiiyitiidiiial slit. Tlie.se twi» Imans aiv olleii 
ivyarded as a se])ara(e, lamily f / ^ v///. //^/o In (‘unnu, ayain, 
also olten IooIomI n]»on as rormim;' willi some allii-d tvjies a 
distinct lamily (i^urulu)^ Hk, sladl is at lirst diseoidal, hiit 
heeomiiio- decollat(‘d with aye, lias IIh; Foi'm of a curved 
cylindrical tnhe when adult. The yeiins eommenees in the 
Loeene Teiliai'V. 

Ihe yemis Sm/uriu, eom])risiny the AV(‘ntletrai)S, is the 
ty])e ()1 another yroiij) now eomjiionly loolosl n]^on as a dis- 
tinct family {Sr.aluhr or >SmAo‘hAr), Hie eharaeteristies ot tla; 
section heiny the jx.ssession of a spiral and turretial shell, 
usually mark(>d with lonyitiidinal rihs, and haviny the aper- 
tuie round and with an entire inargin. In Sra/urin, (liy. 
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404) ils(4r the slidl is very like that of TurritrJhi^ but the 
whorls are oinaiiieiih'd with transverse riljs, and tie* peris- 
tome is eontiiiuoiis round tlic cireular ajiertnre. 44ie Mo/- 
nrld' eoiiuiuaiee in tlie .Middle Oolite's (('oral Kaif), and 
altaiii llu'ir niaxiniuni in existin,^- seas. Curhlrurut , of the 
Trias, dillei's rrunr tht; j)i-(‘eedin_e: cliielly in its expanded 
|)i'ristonie. \\h* ]iia\' also ]»lae»i lieiv, jerovisionally at any 
j’ate, tlie //^Ay^r/Ae wdiidi resemhles MoAo'/o in 

; 4 eiieral Ibrni and in tin* charaetors of llu; |>eristonu‘, hut in 
wliieh the Joie^itmlinal rihs aiv rcdiieed to Jiiore stria*. Tlie 
ecniis is jii'ineipally Paheozoie, eoiiiniencine; in the Silui’ian ; 
hut it is said to occur in the Tiias. The I/aheozoie //oAyero 
soems to have the entire apcilun; of the >SVo/AAc, hut tliere 
are (it her fcal tires in which it rese'iiihh'S lioth the ..Vo/ A- A A/* 
and .Lllhn-iii and it will he here tein[)orarily phieed in 
the lalter family. 

Pa.m. 12. l.iTTol;lXll).i;. — Shell spiral, to]i-shaped. or di*- 
]iresseil ; aperture rounded and entire, operculum Imrny and 
])auei-spiral. The exact ranya* of tin* L'ltloruihhr in lime 
is uueertaiii, owine,' to the dil1i<*idty of delerminiiiL:; tlu* true 
afllnitics of many fossil nni\alvi‘s. Several Paheozoic and 
i\lcso/oie sliells have, heeii referred to A/V/c/'/A/c, and the 
,U(‘iius lilssiiii commeiiei's in the JV-rmian. 'I'he family, 
howevm', is mainly eharacteristi(.' of tin* Tertiary and Peei'iil 
]i(‘rio(ls, AV* iiia\', m'Vi'rlhch'ss. consider lu're a numher i4 
more or less important Pahi‘ozoi(' genera, some of which seem 
uiiiloiihledh' (o helony to the L/lfon imlti', whih* others ^■('ry 
prohahlv (h» so. or, at anv rati*, do not ]iossess decisive 
points of relationshi}) with other families. The Lilli>riinihr 
may he di\i4ed iitto three uroipis, somi'times rc'yardeil as 
distinct families, and typilied hy the p,i'nera Ldfonn'f, SA/e- 
e/e///, and Jtissod. 

In the n**i'us JJUorliKi are the trm* IV'riwiiddes, distin- 
guished hy th(‘ir thick, uem'rally to|»-sha]>ed and ]iointed 
slu'lls, of few whorls, and with an imperforati* columella. 
I'he undouhted fossil s])ech‘s ranoi* from the. Cretaceous to 
the ])res('nt day. 

Mh* may also ])rovisionally ])laee near LifforiiKi the 
Paheozoie ;.;enera JIdIojh'k and l^hti ijostonta. The former is 
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Silui'iaii nii(] hevonian, and includes tliin, conical, often 

smooth sliolls, Avilli an (cKpaiidcd hody-wlioii (liy. 4()o). 

TIh' month of the shell is entire, and the 
])eristome si'enis to he sometimes ('oinjtlete. 
as in the Srahiruhr. The J te\'onian Isoiu nn/ 
has angular whorls and a rhond)ic mouth, 
hut in other Tes|»(“els res('ml)h's 
In tin; Silurian and Devonian llul noshnno , 
ayain, the. hody-whorl is immensely e\- 

l-astly, tlu* ^miis (^nrlnncim, , 
Mi-iaii' siiiiri.iu, ranyiny Irom the base o( tla,' Silurian to 

the lo)) of till' Devonian, lias a conieal sliell, 
^\hic]l is ehai'acl erised hy tin* possession ol fine spiral stria', 
often with transverse stiia' as well. 

In the ymius Si>hi ri n m , eomprisiny the “ Staii'easi' Shells.” 
the shell (liy. TiHlj i.s much depressed ; tlu'i'e is a larye and 
dee]i unihilieus, runniiiy fi'om the 

base to the a]K‘.\' of the sliell ; and 
I li'' apertni'o is rhomhic. Ifhe edeo 
"f the nnihilieiis is, tyjiieally, civnii- 
laleil; and the shell is not pearly 
within. The yonus appears in thi' 
Secondary jieriod, is ivpi'c^eiitcd h\ 
iindoiilited speeii's in the ( 'ndaceoiis, 
is not niieomnion ii/ t he Ti-rtiaries. 
and survives at the jiresenL dav. 
liij ruitl 1(1 ^ Doeeiie and Recent, has 
the hody-whorl free. /V/c/'/cs (tiy. 
4()( ) eoinjirises trochoid shells, -with 
a coiiiaue base and llattciied whorls. 

\ ery usinally loi'eiyn bodies, such as 
Miens or small ]a.-ccs of stone, are' attached to the surhice 
mill iiiin'^iiis 1,1 till, slii.||. Tlicvd is C(inslil(.|.,.|l,lii 

IIS III U||. f;|.„li,-|,.,|| i-ii,;,.,. Ill,, Sllcfics lllivillir I I, 

'li'smb,Ml Inm, ,l,.|,„sir,s i,s ,,1.1 i,s tli,: ICvuiiim,; lint lJ„, 
first iiii,l,nil,t,.,l Ibniis j,, tli„ .lurassC, anil tlim'n aiv 

vannus Tuitimy an, I livin- tv|„.s, Wn niav alsn ,,lan,. Iicv 
tl„. gynns j,, 

aial tliciv IS a largn ninl.ilicus; wliiln tl„, mipiT sulfa,',' 



]■ 1 r . I(p'r. - ' : hf , i ,1 

{I'Diwr Cn-I 
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liear.s a row of spines, whicli in tlic neiniihonrliood of the 
aperture an; tuhular and liave their ends perforated. Tlie 
n(‘nus ran<4es from tlie Devonian to the rhirassie. 



Fi,:.;. 107. l'hi>ri':i r,! .■■.fViruhthis. Cn'ltn'rcuis. 


In aecoi'danet! witli tlie views now most jieiierally accepted, 
we must also place hono the im])ortant and widely-distriluited 
Pala'ozoie yenus with its allies. 





The yemis Kinnn jilmhis (liys. 401), ‘llo) is eiil irely extinct, 
and is essentially l’ala'oz(»i<'. ranyiny from the Silurian to the 



f’ig. W^.—Kuomphuliix Dr-t’nri (Hilliii^rs). n. Front view ; />, Virw of tin' niiiliiln u-. 
IVvoniaii. 

Trias, hnt heiny most ahnndant in tlie Carbon ilV'roiis roeks. 
The sliell in this yimns is dejiressed or discoidal, the whorls 
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nonrly or quite in tlio sniiie pliino. The wlioils arc 
aii^'iilated or coronated, tlie a])ertiiie. is po]};ii'oiial, tlie um- 
liiliciis is very large, and tliei‘(‘ is a slielly opciculiiin. 

The genus ^[raparolKs (or t^lraiianj/li/s) is closely related 
to EiufmifliidHS, and, strictly speaking, is pruhaldy identical 
with it. It is coinenient, 
]io\ve,ver, to retain liotli imnu's, 
cinphn ing that Eiiom ns 
loi" the Corniswitli a (h'pressed 
diseoidal shell, with ;ingidai’ 
M’horls and an o])en niidiiliens 
(lig. 410); while the title 
1^1 I'd j)(i rol Its may he ap[)lied 
to thos(! with ronnded non-angnlated whoils, a small nm- 
hilieiis, and a more or l(‘ss jiromineiit spiiv. Eimni jilmloji- 
frrns, (.)r the rp])ei- Silurian, inehides forms allii-d to 
Eniiinjilinliis^ hut having winged whorls, the alatioii heing 
perforated hy canals which open* intei'iially into tin- ca\'ily 
of tlui shell, and externally hy ininnte ]tores on the margin 
of the wing. m jxi rnlJ i nn, again, includes I’almozoie 
shells, heli(‘ved to stand midway hetweem rn jm rut ns and 

Jfiilojini. The shells which ha\(‘ hem d(‘seiih(‘d ini<le)' 
the naiiK'S ot Jlnjilnslinnit, (ijihihln, and J It ! i(‘i>loinii ■ — pi'in- 
cipally 01 ' exclusively Low(‘i' Silurian in tlun’r range — are, 
ap])arently closely allied to Entnn iilml ns^ if, indeed, they are 
really s(‘pai'ahle iiom it. Lastly, soiik! paheontologists would 
]ilace, here the singular genus Mnrlnnn, which, howewu', is 
|)eiha]is best I’cgarded as one of the ]f(!lero]) 0 (ls ; and we 
shall also teni]»orarily consider (Jjilnlitn as h(d(Uiging to tin* 
8;ime gimip. 

Finally, we ]iav(! a groujt of Litfnrlnida: ty|)ilied hy the 
genus Jidssnn, (tig. 411), in which tin; shell is small, ]ioiiit(‘d, 
and many-whoi'led, with a small round aperture surrounded 
hiy a continuous jieristome. IMaiiy fossil species ar(! known, 
coninieiicing in the Fermian ; and the, genus is univeisally 
distrihut(‘d at the present day. Among tin! allies of .lilsson, 
Ji issotiiK, aj>j)ears fii’st in tin* .Jurassiig lv< ildslo/iiif is found in 
the ( retaceons and Loceiie lied.s, and Ihastoma and J*U:rusio'ina 
are Focene ty]»es. 



Silniiaii, liritaiii. 
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Fam. IT). I’ALi'DiNii*/!';. — Slicll (‘oniciil or ^loFiiliir ; ajA-r- 
tmv rouiuFid and cntiri! ; o]Hnvnluni liovny oi' slirlly. Tlic 
am (‘ss('nlia]ly iiiliabitants of fn'sli walef; llionL;]i 
llu'V sonndinu's livo in Innnkisli, or ovoii in salt watnr. As a 
iiiaUnr ol' (•(jiirsr, llnToiom, tlioy am nliinlly, if not (‘X(diisi\ i.‘ly, 
found as fossils in d(*])osits wliicli aiH* ln'Kovod to bo lliiviatilu 
or lacnsti'ino in llioii- origin. Tlio tlimo (dnof liviiiy yvnora 
am, roliuHiKi (liy. 411, n), ro/ntfti (liy. 41 1, c), aial 



A B c 

l';_. 111, I’l'h'rrl:.', clil.il l'.'iI si\ I', ./,i I. „t,i Pliu- 

, , i'lilnih' jn.-, Mrwc.l I’n'iii ill aii'l lr"iii Im'Iow — (Aftct 

W I.) 


hii'iii. Tlio two fiiiiuor dato I'mni llio Cmtacoous ]»oriod, tla* 
lii'sf possibly from tin* diirassio, ami bolb abound in tlm 
A ualdoii and in many Toil iary do])osils, JUlhiiino msoniblos 
J'liliiiliiiu, but tlio opoi’oulnni is slu'lly. / dlruhi may bo 
top-slia])od Ol- disooidab but tlio sholl is nmbilioatod, and llio 
poristoiiio is oiitiro. Tbo oxistoiioo ol lujudht no in a fossil 
slate is aitondoil with ooiisidorablo nncortainty, obiolly fmm 
tlic yroat, diriioiilty, or impossibility, of so[>aratiny ibom tmm 
spooios of tlio mai'ino yoiins Xidicx. 

Fa.m. 11. Xkuitid.i;.— Sboll ibiok, yloludar, with a vory 
small Spiro,; aportum solid -binato, its oolumollar sido ox- 
piuidi'd ; outor lip aeiitia Ojionaibim sliolly, sub-spiral. 'Ibo 
j\ii‘iti(/(r am not known as ooourriny in tlio Fako»>/,oio rooks, 
I'ut am found from tlu; »)urassio ])orioil onwards, attaininy 
tlioir niaximum at tbo. pmsont day. 

In tbo ymius Xirilx (liu;. -112) tbo sludl is tbiok, with a 
broad ooluniolla, tbo innor I'dyo of wliii-b is straiybt and 
teotliod. Tbo outor lip is tbiokom'd and oftoii dontioulatod 
iiitornally. Tbo true Xoritos am inluibitaiits of warm soas ; 
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and they date in past time from the Lias. Tlie nearly-allied 
genns Xi ritiiui ineludes the so-called “ fresh-water Ni'rites/’ 
which agriHi in most cliarae.ters with Xcrita, l)nt inhabit fresh 
or hraekish waters, and laive. a eom[taratively thin smooth 
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shell. Th(! fossil sgeeit's comnuaiee in the LiH-ene T(‘i'tiary. 
Tlie Jurassic gemis Xirl/imifi has a thick veiiti'ieos(‘ shell, 
with a iioteli in the middle, of tlu', outer li]). iW/'/Vr^w/s, 
again, eommeiiees in tlie eaily iiortion of the Si'eoudary 
period, and still survives. Its shell is (list iiiguislu'd hy the 
jiossessioii of a single not(di in the middh^ of tlu^ inner lit). 
In eoniK'etion with this g(uius we must mention the eiirioiis 
Jurassic fossils which ha,ve heeii deserilied undiu' the nanii' 
of rithirinii. These ai'e oval or lU'.arly circular eideareous 
]ihites, coiK'ave ahovo, and llattimed hidow; and they have 
generally lnum regarded as the mandihles of Tetrahranehiate 
Cetihalo])ods. Lee(*nt ri'Searehes, liowevm', seem to show 
that these, singulai’ hodii's are really the opercula of specie's 
ol ^ i /'ifojisix. 

Lastly, the genus e.om])ris(!S snudl liin])(‘t-sha])ed 

shells, witli a semi-lunar aperture hidow. The only known 
fossil species are from the Jmwer Oolities ((Ire, at Ooliti*). 

Lam. 1 5. Tnmixin.K — Shell tiirhinated (toji-shaped) or 
pyramidal, nacreous {ij-., ])early) inside. {)])erc,ulum horny 
and multi-spiral, or c.aleareous and ])auci-s])iral. The fainily 
of the T/irhluithr. has a high antiipiity, the forms ascribed to 
it dating from the Lower Silurian ; hut many of the older 
shells relerrcMl to this fa.mily are of more or less doulitful 
allinities. 

In tlic genus Ttniio (fig. 413) the shell is turbinated, with 
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a round l >aso. Tlio wliorls arc convex ; the a])ertiire is la rue 
and vouiidod ; and the o])erculiiin is calcareous. A ^rcat 
nuiidier of' 1‘ossil. s])ecies of this genius 
Iia\ (i luu'ii dcscrihed, coiiiUKUiciug in the 
L(uv('r Silurian ; hut there is consider- 
ah]('. doul)t :is to the true position of 
mail)' of the ohleu’ Ibriiis. 

In the. genius Trofim h (tig. 414, a) 
tl )(3 she^ll is ])\'raniidal, with a nearly 
lint hnse' ; the ajienlure is e)hliepie* and 
liioiuliic ill shajie, and the eepcreailuiii 
is linriiy. A great iiumher eif specie's 
of tliis genus, ulso, havei heen elese-riheul, 
e'oiumoiiciiig in the Silurian roe'ks. As in the*, e’ase of 7V/4n. 
liow(‘\er, the allinitie's eof many of the e)leler fennns are \erv 
pi'ohlciiiatical. 

J'liiiTomrllii (lig. 41.4, ii) is in many respects like* Turin, 
hnttlie she'll is e'longate'il, with an o\'al ajie-rture', and a snioolh 
1111(1 |>olishe'd surface. Its pivcise' luiige' in past time' is im- 
cerliiiii, hut uiidoiihti'd e'xamplcs ocenr in tliei durassic and 
Ci'claceous rocks. Moiioiloitia in its general eliaractcrs vv- 
scinlik's Trochnx, hut the e'oliinu'lla. is thieke'iied, toothed, and 
( I'eiiulated. The; genus range's li'om the Tei'tiarv ]H'riod to 
tile tii'csmit day, and douhtful re]»re'S('ntati\ e's of it have he'e'ii 
iii(li(‘ated as oe'ciirring in edde'r time's. In Dil j>/ii iml<( the' 
shell is orliicular and el(.-‘|)re'sse'ei, the whoi'ls angulate'd or 
roroiiated, ofti'ii s])iiiy, the meuith round, the ])e'risletme' ent irt'. 
!>ii(l the; nmhilicus (»]»en. 4’he; ge-nus se'e'ins to lee-giu in tlm 

Ji'ias. Lastly, Slonoffdhf, e'omnu'ncing in the Scce.iielar) 
L'l'idd, has an e-ar-shape'd she'll, with a small s}»ire', and a 
Very vide ol)li(|ue' ajie'rturer 

I' AM. it). nArioTiD.i;. — Shell s])ira,l, ear - shaix'd, or 
ti’oelioiel ; aperture! large, nacreeeiis. Outer lip notehe'd eir 
I’erlorated. No eiperculiim. i\lantle - margin with a. ]h)s- 
tiaior fold or siphon, e)('cu]tying the slit or jicrfeeration in 
Ihe she'll. 

4he living genera Ifolioti^ and SflssuirUa are not known 
'!> rocks elele'r than the Miocene Tertiary. Tlie extim-t ge'iiera 
anel Murrhisonia are, on the other hand, of 
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, ureal aiiti([uitv, llic latter beiiiu exclusively J’alaozuic, and 
tlie I'ormer iiuiinly so. 

Tlie u'eiius Ifidlvds (1!^. 414, v) coiii])rises tlie so-calU'd 
" Idar-sliells,” distiuuuislied by tbeir ear-sbaiied shell, with a 



iiiiinile s])ire, an enoi'nions a|)ei'ture, and a series oi' round 
pertoiations in tlie outer anule (4' the shell. A tew fossil 
spocios ai'e known, coniiiKUicinu in tbe IMiocein*. 

is alli(s| to Hid'iiilU^ but tin* s]»ii'e is ]ii'oniin('nl. 
and the ])lace oi tin; perforations in (he shell is taken bv :i 
tnirow. 1 he uenus lorius a transitional link helweeii lla' 
lannhes 1 [td ntf uhr and Tn rlti n td(i\ and is represinitiMl li\ 
li\'inu loiiiis, the earliest tyj^es ascribed to it datiiiu from the 
l)(‘.vonian. 

In the, o-enus Srksnrrdd (lip. 41. jjy ^vhich also coni- 
niences in the Alioceiu;, the shell is thin, with a, kupe aii<l 
pieally ex]ianded body-whorl, and the, ])lac(' of the ])erfoi':e 
lions of Jltdiuhs is taken by a simple slit in the margin el 
the outer li]). 
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TIk' L!;(' 11 U.s I^ltiirotomtir'ur, coiiij)risos a Rmit niiiiiluT r>t‘ 
l’;ila;()Zoi(*. univalves, whicli occur in tlic Silurian, Devonian, 
;iiiil Garbonil'eroiis ronnatioiis. lii scdiineuts latei- lliaii llie 
( ';ii'l)(inireruus t.lic j^'enus is larecdy reju'esentc<l, eNieudiuL; 
L-veii to tlie ('lose of tlui M('sozoic period. In the fliirassie 
jiiM'iod ('Specially tie; j^i'iius has a yreat devel(>))in('ut, most of 
the forms hc'ine; more ornate than those from tlu; older rocks. 
Ill ilie (hv'taceous I'ocks various s])ecies of the Li'cniis still 
;i|)]ic;ir, hut \'crv few Ti'rtiary foi'ins are. known, and only two 
]i\ iny spei'ies ha\i‘ Ik'ou as yet detecled. The form of tlu* 
slicll in rh n rohiiiiii na (fiys. dlo, dlh) dilfers eonsiderahly 
ill ilitfi'reut eases. Very commonly the shell is vi'iy similai' 
to tint of /IS. 1 11 

(iIIk't cases it more 
nearly resi'inhh's 7V/'- 
lii> ; and sonii't inu'S it 
is \'cry niiK'h llallcned 
(Uil and depressed. The 

shell consists of few rif,'. ii:..— c/mm-.-/'. r i,.,\\vrsiiuri:iii. 

whorls, of wliich tlu', 
last may hi' discon- 
nected fi'om the others, 
and is essentially dis- 
tinyiiished by its suh- 
([uadratea])('rtur(',wi(li 

a di'ciier or shallowc'i' , . , , , . 

I _ 1 m- 111’,, rl. im'I'hiK'rn: . l,,,u,T >aiiri,!n. 

silt in the outer lip. (laiiii.-s.) 

As the shell yrows, 

this slit becomes ]iroyressi\('ly Idled U]), lorminy a well 
niark('(i band on (In^ whorls. dy this character lii'H/o/n- 
iiiiii'iii- may yeiierally ixa distinyuished readily Iroin such 
shells as Troth ii.s and I'nrho. 

IMany subordinati*. typi's an* included in the eompr('hensi\'e 
h‘‘nus J 7 nirofoiii(iri<i, in the wide si'iise. Thus a number of 
tiecoiidary ty])('S admit of se))aralion from Plnirolunio no 
l'i''i]ier liy their ]ioss(‘ssion of a very dee]) slit and a nari'ow 
'''01(1, and these may be yroipK'd toyi'tlu'r under the name of 
rlo. In the Carbonilerous Vol ijt rrmo nn the hand mi 
t'i'i whorls is ])('rforaUwl by a linear series of minute foramina. 
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Ill tlio rrumssic tliorc is a kidncy-sliaped apertiiiv, 
consist of two foramina united l)y a, slit, in the h;ind neai 
tlie outer lip. Lastly, in the durassic cjamiis Trorliotomd, the 
shell is ti’ochoid, with a concave hase, and there is a sinp,le 
eloneatisl perforation in the hand near the margin of tin* 
outer lij). 

It would seem pi-ohalde that tin* ancicmt Lower Silnriun 
ty])es which have; lnu.m desci'ihed under the names of Sra/ihs 
and lii/jihisfo/na shonhl be jdaced in the neighl)ourliood of 
]1> u ivluiiuirtti. In (lig. 414, k) the shell is spiral, 

with a tlatteiu'd spire, the body-whoii ventricose, the “sulure” 
canalic.ulated, the lip truncated, and the columella imper- 
forate and (;nrv(‘d, lii lii/j)lu'sf(nii(( tlu‘ spire is still nioie 
dejti'cssed, the “suture” is close, instead of h(‘ing gro()\-ed. 
there, is an nnihilieus of nioderatci si/e, and the ajx'itiire is 
sonuovhat trigonal and slightly notched. 

High authorities now .dso ])lac.e lune the genus /b/V 77 //c 
(tig. 417), and tluu'e ai'e certainly strong grounds foi’ acce])t- 

ing (his N'itev, though 
this ty]M! has nsnally 
been regarded as ivl’ei- 
able. t.o till* lletei’opods, 
and it lias iimpiestinn- 
able points of ivselii- 
blance with (he y.V/A/- 
Ojihonl uld . Jf ^V(' ]U o- 

\'isionally ]ilace Pori'i llio 
in this conmx'tioii, we 
have to regaixl it as a 
diseoidal Ph u voIouki na , 
in winch there is a (lor.saj band, in the median line, with 
a dee]) slit in the outer lij). This last featiii'e is undouhtedlv 
one which l)rings the, genus in close (tonnection with /Ve/oe- 
toiiiiirur ; and as some forms of the lattei' am ^■ery ncarl\’ 
diseoidal, it is perha])s bc'.st to remove Pomlha from i(s 
association with the Ileteropodons genus llillrrophtni, iu 
which the out(;r lip of the apertui'e is sinuated or notched, 
but not slit, and there is no dorsal baud. So far as known, 
J\jrcdlui is Devonian, Carboniferous, and Triassic in its range 
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Closnly allied to Pknwtomari^^^^^ is the important j^enns 
}[inrhis(>ui(t (lii;'. 418), ^vliieli is exclusively eoidined to llie 
Piila'OZdic jiei'iod, ranj^iiig Iroin the Lower Silurian to the 
Pui'iiiian. The shell in Mnrrhwynia closely resend)les that of 
]-h iiriilo>ti(irui, hut is usually mori! elongated and coni[)Osed of 
a yivalei' numher of whorls, Tliii outi'r Ii]> 
is deeply uotclaid, and the whorls liave the 
same hand on their (‘xterior as is jjresent 
ill Pit'll roldiiKiriff. Tlie a}K*rture of tint 

sliell is sliylitly cliaiinelh'd in front, and 
die surface is often variously sculjitured 
and adorned. 

Finally, we may imdude in the |)resrnt 
family tlie liviii,!^' ,yi'nus Jfi/i/iii/uf, which in 
some res])ects may he ri'ya rdia! as tlie type 
i»f a distiiK't yi'oup. In this ^’eniis the 
sliidl is spiral and tiirhinati', with a tliin 
tvaiisliuamt sludl ; and it is douhtful if 
any I’ossil foi’iiis can he delinitely laderred i-.nvcr siiuron. 
lu it. 

Fam. 17. ld,ssri:KLLll».i’.. — Shell conical, ]iatelliform, with 
a iiotcli in the antmiiu' margin, or a ])erfoi'ation at tla* apex, 
wliidi is occiipicMl hy the anal sijdioii. i\ruscular inquession 
iiorsc-shoe-shaped, ojieii in front. The existence <d‘ the PIs- 
sihrllii/d' in the FaLmozoic. ])eriod is ojieii to considmuhlc 
'loiihi; hut a ,ii,()od many fossil forms ai'e known from the 
Secondary and Tertiary lucks. 

The ^enus Fi.s.siiniit/ (liy. 411), a) conqirises the sd-ealled 

Kiyhole Liniiiets,” distiit-^uished hy having' tin* a|»ex of the 
shell perforaled hy a lai'u’cr or smaller, generally oval ajier- 
tiiie. Douhtful examples of the iteiius have heen indicated 
as occurrini;- in the Devonian and ( arhoniferous ; and tlieiv 
ate a ^(xjd many unecpiivcu’al species in the Si-condary and 
I'eitiary rocks. In the genus UinuiJa (tig. 419, n), ranging 
hum the Trias to the ])resent day, the jierforation, imstead of 
heiug at the jqiex of tlu^ shell, is jdaced a little ahove the 
anterior margin. Lastly, in Enimyiiuiia (iigc 419, c) the 
■oiterior margin is fui’iiished with a longitudinal notch or 
dit. The species of this genus date from the Trias. 
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Fam. 18 . Calyttim’JD.k. — Sliell limpet - slmpi'd, wiili ;i 
or h'ss s])irnl :i]iex ; interior simpU*, or (li\ i(l('(l hy n 
sluHly ])rocess to wliieli tlie nddiietor iiuiscli's are. attaelieil. 
With the exee])tioii of tlie ])er,sisteiit yeims Ct/piiliis, it is 



doudtlul ii any ol tin! (^fili/p/ rfrultr are to hi' found in tlie 
I'alieozoii; roeks. They an; hy no nn'aiis ahnndaiit in the 
Secondary lorniations ; and thoiiyli niori* pleiilifnl in the 
'lerliaiF*s, tli(‘y attain their inaxinmm in existing siias. 

I he yeinis (hil Uj)! rtm inelinh'S tin' so-eidled “Ciip-and- 
saiici*!' lanipcts, in which tln^ intei’ior has a half-capj-shajicil 
process altacliiid to the apex of tin*. slii'II, and open in front. 
With donhilnl exce])tions, the fossil sjK'c.ii's of iUilijph-mi, aiv 
all ol I erti;iiy ayi*. In tlie ye.nns (Urpitl ula (tiy. 4 10 , Ky 
there is a. shelly ))ailition covering the posterior half of the 
inteiFtr ol the shi.dl. 'I'lie lossil species dati! from tlni Koci'iic 
Tertiary. 

Hlppunyr (fio \\\) ^ comprises thick and ohliipiely eon 
ieal shells, with a, posteiaor apex, and jirovided with a, shelh 
liasis marki'.d hy a distinct horse-shoe-sha])ed mnscnlar ini- 
pression. The nenus ranyn-s from the Cretaceons jicriod to 
the pre.sent day. 
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]’,y far tlic most important f^emis of tliis family, ]»a]a'on- 
toloyically s])eakiii.i;‘, is tliat to wliicli the names of 6Vp///e.v, 
J^i/tvjisis, JrmniNit, and J'htfi/nrds have heen a])]»lied. Of 
(lirse names, the last has l)een, and is still, very v'idely used 
liV Ameri(‘an ])aheontohyiiists, hut no vali<l distinction has yet 
liocii poinic'd out hetw(M‘n this and tAz/Ac/z/.s-, and Jis the latter 
has the ])riorily over all the titles above mentioiu'd, it will 
1)(( ein]il()yed liere. In the <;'enus Cnjinhis the shell is conicid, 
with a posterior sul)-s])iral a])ex, and a horse-shoe-shaped 
masenlar inpaession. The 
n])('rture. is yriaitl}' eidaryed, 
and its margins are essen- 
tially (Mitire ; l)ut owiny to 
the fact that tlie sladl is us- 
uallv allixed for hniythemal 
])i‘ii()(ls to foridyn hiodies, the 
lips ]iiay ht'eoiiie, more oi‘ 
less sinuati'd or undulated 
(liys. 420, 421). The shells 

of this <'(!iiiis mav, as a, ruh‘, ^ ^ . 

Fi-. l-.:'.'. f,', 

Ill' reeoyiiised hy their ole ri,|Mr siiuiiim. ( Vftri iiaii.) 

litpiely - spiral or straieht 

eoiiieal sha])i‘, their wide a])(‘rture, and the ahsencc ol a 
eolumella. They may h(‘ diextral or sinistrah and tlie sur- 
hi(;e may he siiii])!)' marked with coiieenlric lines (4 yi-owth, 
or may he <irnaniented with s])ines. 

4he ymiiis is ahundantly repre- 
sented in tlu! Silurian and Oe- 
Mniiaii ])eri()ds, and less ahun- 
dantly in the Oarhoniferous. Many 
Seeondjuy and Tertiary sjiecies are 
l<n()wu, and the e()m})aratively few 
liviny sjzeeies are. whhdy distrihuted 
over the ylohe. 

kAM. It). TATKLLimU. Slicll 

otinieal, with the apex turned for- 
wai'ds ; muscular impression house - shoe - shaped, o])en in 
h'ont. Foot as larye as the maryin of tlu; mantle, llespira- 
tory oryaii in the form of one or two branchial plunu's, lodged 

VO],. 11. c 



Fi-. \ 2 \. OillVr.nt vi< \vs ..lO,-,'"- 
of tin' li.il 

iir:il si/c. |i('Voiiiaii, Caii;ia;i. (On 
filial.) 
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ill a cervical cavity, or of a series of lainellie siirrmnidiiig tlu- 
animal between tlie body and tlic mantle. The /V/r//n/e 
commeneci to lie re ji resented in tlie Lower Sihii'ian rocks, 
and have contiiiuiMl to the jireseiit dav. 

The oenera Pith'lln (inelndinn- the eommoii Limjx'ts), 
AcuKva, and dA/c/i/m/nr (-mi witli dillieulty lie sejiiirated in 
practice from one another by tlirn'i- shells alone. 

(fig. 419, o) and Aetna t(, at any rate, are jiaheontologically 
indivisible, since tin; only distinctions betwc'cn them an; in 
th(! natnri! of the respiratory organs. Including these gen- 
era, therefore, in one, the range of the J4mp(*ts is from 
the Sibirian upwards. 

Some of the Tpjier Cambrian lampigs have liecm sejiarated 
under the name ol Pa/anntitt^ but the dilfercmci's b(>tw('en 
thes(! and PitleUa ]iro])er ajipear to be slight. 

Ihe genus Mdoithinid (tigs. 419, i', and 4 22) vmy closely 



(Hillin-s.) 


resemliles halt tJie muscular scar consists of a nnmbei' 

of disconne(4ed cavities. In the typical speci(-s, also, the 
anterior side, nn(h;r tlie ape.v of the. shell, is truncated or 
nearly straight. Species of Mtluitfoma are jiartieularly abun- 
dant in tin; Lower Silurian sm’ies ; but tiny I’ange as far as 
the Caiiionihu’oiis. It may be doubted, liowever, if some of 
the so-called Mdoithina' ;ire not really the posterior plates of 
Chitons. 

I'AM. 20, I )HNTAI,IIJ.|.:.-Sln.|| tulnil.w, syi.nnelrical, imn od. 
0 |,eii al i.nds. Ai,ei'tiira cii'ciilai'. Foot j.ointod, will, 
symnietiioal side-lohos. Tl,o “ Tootli-.slioil.s ” are oei.erall.v 
j.laced liere, in tlie vicinity of tlie Liniiiets ; but tliey arc 
referred by JIn.xley to tlie elaas of the /Yovyi«/n, Tlie family 
coni]irises tlie |irini;i|ial genus IkiUcduiM, in tlie wide .sense 
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of this name, well known by the tnl)ular, smooth, or hmgi- 
tudiiially-striated sludl, o])eii at l)otli (mds (Ht^. 42 1>). Tlie 
ibssil s])(Haes are lialde to be confounded witli tlie tulses of 
Tul)i('(ilar vVnnelidiis, or a reverse mistake to this may be 
made. Seveival s])eeies liave been described from the iJevo- 
iiian, and more es]H;cially from tlie ('arboiiifer- 
ous roi'ks, some of them of lar<jje size ; but more 
or less doubt obtiiins as to the true nature of 
some of these. The Secondary rocks have* 
yi(dded a consideralile number of s])ecies, and 
iliey becoiiK! still more numerous in the Ter- 
tiaries. It does not semii impossible that some 
of tlie so-called forms of Tinea {lf//olitln\s), from 
the Silurian and Upper Cambrian, may really 
])ro\’(' to be, referable to Ih'iitalin m. The genus 
(lailiis, ranging from the (h’etaci'ous to the 
])reseiit day, is separable IVoni Ih nlaHiuii chielly 
liy the eharaeti'i's of the animal itself, but the 
shell in the formei’ is small, and has a contracted 
anterior extremity and a [lolished surface. 

Cam. 21, (,'in roMim:. — Sludl multivalve, 

Mioc'.ic. (Ater 

composed of eight transverse plates, dispos(‘d ik-Nii.-.y.-s) 
one behind tin; ollu'r in an imbricated mannm'. 

Animal with a, broad cri'e))ing foot; branchia' forming a 
series of lamelhe between the foot and (he mantle, round 
tlie ])osterior ])art of the body. The C/ii/o- 
luila: com])rise only the single genus Chiton, 
with si'veral more or less distinct sub-genera. 

The sjiecies of the family comnimice in tlu* 

Lowin' Silui'ian, and are rare as fossils, attain- 
ing thenr maximum at the jire.sent day. 

The distiniTive peculiarities of the shell of 
the Chitons (lig. 424), by which they may 
idways be separated from the Cirrijiedes, arc 
the following; 1. The shell ni'vcr consists of 
niore or fewer than eight pieces. 2. The valves 
of the shell are always ]>laced one behind the other in a 
'niilinear sin'ies. 2. The six middle plates of the shell are 
divided, each, by lines of sculjituring into three distinct areas 
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a dorsal and two lateral areas. 4. Each plate is einl)edded 

ill tlie iiiaiitle of tlie animal by forward extensions of its 
front edij;(!, wliieli are ternu'd the “ apophyses.” 

The Cliitons are rejire.sented by fossil sjieeies in the Silurian, 
Devonian, (.'arboniferoiis, and rerniian rocks, and are not so 
exce.ssivi'lv rare in the (’ailioniferous Linu'stoiie. They arc 
very poorly re]»resented in thc^ Secondary rocks, and arc; by 
no means abundant in the 'rertiarii'.s. 

(_)i:i)i:u II. OiMSTllOBnANriiiAT.v. — (jHh pinred foirnnh fhr 
!'('(( r of (!ir hod//. 

Fam. 23. Toi:xATEiXTi».i:. — Sludl extiTiial, sjiiral or con- 
voluted; aperture lono and narrow; columella plaited. Tlu' 
Toriudc/liilo’ are mainly i\reso- 
zoic, the fossil forms raiiyiny 
li’om tlie Trias or from the 
base (»f the durassie series to 
the. Chalk inclusi^'e, and at- 
taining; theii“ maximum in the 
('retaceous seri(\s. Several 
yeiKU-a are entirely extinct, of 
which tlu^ most im])ortant is 
(.diudd/ (liy. 426). In this eenns tin* shell is ^'h'hnlai', 
with it small s])ii‘e, tin; ontm- lip rihlecti^d and crmmlahMl 
iiiteriurly, and the columella, with tooth-like folds. All 
the s])(‘cics are Cretaceous. In tin* yenus Tor/odd/o, Ilu‘ 
sliedl is ovate, with a well-mai'ked sjuri', the oiitm' lip thin, 
and the columella with a. strong fold, d'he 1‘ossil species 
raie^e from the. Trias upwards, and tlu; yenus, thouyh on tlu' 
(h'cliiMs, is represented hy steeinl liviny 
spi'cics. Miiny of the Seeeudary sjiecies 
belony to mole or less distinct groups 
(ff/// Hid rdfs, AcIhhii l/o ^ and Ar/coii l/m). 
Cam. 23. licM.iii.i;. — Shell convoluled, 
.Mki.iic o.intcs. tliiii ; s])ir(5 small or concealed ; lip sharp. 

Animal often more or less com])lctely 
investinp; the sludl. Tlu* Ihdlidfr c.omnumcci their existence 
in the Triassic ])eriod, and have continiuid to the ])resent 
day. 1 he most important ^enus is />e//o, com])risiny; the 
so-called Jhiblde-sludls ” (lio 426). The species of this 
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-vemis :ii’o not uncommon in tlio fossil condition, commcnciii.t^ 
ill the Oolites. Ot/Iirliii(f, l»ei;inning in the Trias, is wtdl 
r(‘|)resoute(l in later dejiosits. 

I'AjM. 24. ArLVSiAD.i-;. — Shell ahsent or rudimentary, con- 
(■(ialed l)y tiu' luaiitle wlam ^iresent. Animal slng-likc' ; sides 
('Xteiisivc'ly lolu'd a!id relh'ehal over the hack and shell. One 
ov two shells IVoiii the yonngi'r Tiutiary rocks have licen 
referivd, witli great douht, to the genus yl/Vys/Vc 

Fam. 25. FcKUiaiitUANciiiDi;. Slu'll limjiet-like or con- 
cenhul, randy wanting. Mantle, or sht‘11 covering tlie hack ol 
till' animal. Two doiihtrul sju-cies helonging to the gimiis 
liavt' 1 k‘(‘1i dt'scrihed IVom the T(*rtiarics ; hut the 
I'liiiiilv is otherwise unknown in the fossil coiidilhm. 
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^'.1 ><Ti:R(>ro UA {Coutiiitiui]. 

II KTKKOrODA AND ri'LMOXTFKRA. 

niiDKK III. l[i:rEi;oiM)i>A, or XiTLi:()iii:AN('iiiATA.--Th(- (Jiis- 
of this order dillei' IVoiu tlu! lv])i(‘nl iikmuIkm's of 
the elris.s ill IieiiiR' ojy/t liisti/ la laul du c.i isli tii'i' ui //ic ojk ii 
(ifciiii Ii)nnii(jf Kill lii’i/Kf ijl'i'i'liil In/ K Jili-lllr Ill'll^ nr In/ n fnii- 
sliii/ii il Vi r! trull ii-jlitH ( lied rrnlrdl Jin. They are found swilii- 
nnii.y' at or near the surlaee ol' the ocean; and the body iiia\' 
he eoiii])letely protected l»y a, «hell, wilhiii whieh the animal 
can retii'o, and which can l»e closed hv an operculnni. In 
other cases, as in Cdi iiidi ui (IIl;'. -IHT), the body is la, rye, and 



Fl^'. ■rjT.--nct. l<.lMMl;i. O, r,in,hhtnl. I,, i'n.l.c.scis ; /, 'I'niC'Iclf.S ; h, lJr;U|rlii;r ; 
•s sii. ll ; /, F.M.t; a, Disi-. (An. r Wn.Mlwaia.) 


there is only a small shell j»rotectiny the yiHs and In^arf. In 
other cases, a.yain, the shell is completiily wanting. Tim 
order is divided into the two families of the Firolldm and 
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Mliniihhr. Tlie ibiTner oi' tliese is rcprosciitcd by a siia^le 
s|)t‘ci(‘S only, iVoiii tlu' Miocoiu; Tcrtiiiry. Tlu^ laltor Inul a 
nn'Jit (lovolopiiiont in Pala-ozoic seas, and is represented in 
tlie I'ornialions of tliis ])eri()d by several remarkable ^^eiiera, 

Fa.m. 1. t’liaiiJieK. — body lar^c, never eompb'tely ])ro- 
l(‘(‘lL'd bv :i slu'll, often sbell-less. Sometimes a small deli- 
tiite hyaline shell, ])laeed on the back, proteetine; the L;ills. 
Tlu! only L^eiins of this family which is known to be certainly 
represimted in a ibssil state is Carimfrut (lijj;. 427), a sinj^le 
s])e(‘ies of which has been found in (h'posits of T(‘rti:iry a; 4 (' 
(MioeeiK!). 

Kam. 2. Atlaxtidj;. — A nimal fnridshed wiib a well-de- 
velo|H‘(l sh(‘ll, into which it can retire. Shell symmetrical, 
(liseoidal, di'slitute. of S(‘pta, often )»rovid(‘d with an <i])ercn- 
liiiii. This faiiiil)' is I'ejtresenled by lbt‘. g(‘iiera JlcUi'nifilioii, 
Min‘1 urea , Jurii/ Ac., most of which am 

|■\(•I^lsi^•ely l’aheo/,oi(‘, Avhilst th(‘ others an' nniiidy so. 

In the genus (lig. 42S) the shell is symmetri- 



Fi',;. t'js, _/;, //< rnj.linii .1/-;/'/ (I'tilliiiL;-,). n, I'ronl \if\v ; h, Siil<- view, l.nwrr SiliuCiii. 


'■al, eon volnt I'd, tin; coils of the shell usually lying in one 
I'lane. Tin', whorls are hnv, smooth or seidjitured, and there 
i^ it dorsal keel along tlu' eonve.x margin of the shell. Th(' 
ajiertiire is often nion^ or h'ss exjianded, ainl is in most in- 
stances emaiginate or di'cjdv notched on tin' (htrsal sid('. 
41ie genus i-anges from tlu^ Lowei’ Silurian to the Caibon- 
iferous. The Jklla-ophiiia of the (lault (rp]H'r Cretaceous) 
is ilouhtfully allii'd to Ilclhrophon , and may belong to the 
lincitnio, of tlu* Silurian, includes foians not 
geiierically Si'parable Irom but distiiiguisbed by 

die laet that all the volutions are visible and inereasi! in 
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size ^i;Ta(iually towards the moutli. Tiunnanofiij^, of tlie saino 
forinatioii, has a dilated aperture, and possesses a row of 
separaie oval a]H'rturc's alonu,’ the dorsal side. Tlie /A/Ayn- 
plioiUidcr ,‘ire sometimes placed amoiii; the JTft/ioliihc, and 
the genus JVim/lut, often ivgarded as ileteropodons, has 
bc'en here considered as an ally of ]*/i'ii ro/oiiKi n<< . 

ddie g('nus Marlinrii is veiw remarkahh'. in its strnetnre, 
and all the known spc'cies jire entirely eoidiiu'd to tin* J.ower 
Silurian rocks. The shell (tig. 420) in this singnlar genus 
is “ dis(‘oidal, few - whorle<l, longitudinally giooN'ed at the 
hack, and slighlly rngos(‘ with lines of gi'owth ; dexli:il 
sidi! convex, dcM'ply and narrowly perforated; left sidi^ Ihil, 
(‘Xposing tlu! innei' whoi-ls ; o]»ercidnm sinistrally snh-spind, 
solid, with two internal projiaOions, one of tluan hcnciiih tli(‘ 
nucleus, v(‘ry thick and rugos(; ” (Woodward). Mt/rh/irti h;is 
hiicn variously regarded as “ (h'xtral ” oi- “sinislral hut the 
lirohahiliti(,*s ar(.‘ in favour of tla; \ iew that it is trnly ilr.ri rui . 
in this ease, the tlat side, of th(' sladl is the ninhilicns, !ind 
tlie spin' must Ik*, reganlcd as snid< Itelow the general snr- 
hu/e of tin* slndl. (On this vii'w the. s)H'(dnien figured at A 
hg. 420, is reprtjsc'iited ujiside down.) Tlu; spi*cics of J/or- 
hiira occur chiefly at tlu; hasi; of the Lowei" Silurian sinic.s 
hoth in Xoi’th Anu'rica and in Scotland, occnriing in sonic 
localities in the greattxst t)rofusion. 



Ki-. Spin- ; h, Fn.ut ; r, ISiisc. I.uwn Silurian. 


The genus Ophikin. (tig. 420), of the Silurian ro(dvs, iniiy 
ho mentioned here, thoiigli its trm; atlinities ai'e, extn'imdv 
donhtful. Ihe shell in this genus is diseoidal, and vu'iv 
closely resemhles that of Eimmphalm. T'lu; aiiertnre, how- 
ever, is stated hy Mr Jlillings to liave a sinus in the lowin' 
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lip nnd a notdi in tlie upper lip — cliaracters wliicli are not 
])r('sc‘nt in I'l'o . It is a mailer of (pu'siioii wlietlier 

Ofiliildd slioiild 1)0 r('.e;arded as comprisinjj; species of M^r- 
hn'i'd willi sh'iider wliorls, or wlietlier it should he ]»hu'ed 
ill the Liif(>rinl(/(r, in or near I'Jii()wj)ha/ii.% as has heen piv- 
\i()usly iiKoilioned, or whellier it should not he ])]a(‘»'d in 
llie Jfiiliof iihr nnd he regnrded as a discoidal Jit n roliniKirid. 



Fi-. ny,/,,7, (eilliliL>). |)illrtvilt views of a ne;irlv I'elfeel sl-eeiniell. 

(^ui Im i- Oloiip (l.owi r Siliiiiaii). 


In tile pviius th//7o//7os‘ (liy. 4dl) the shell is thin, sym- 
iiictricnl. discoidnl, or eoilml inlo the shn])e of a horn, the 
wliorls nioiv or less diseonneeled, liirnished 
willi a heel, nnd sculplurt'd. The species ol‘ 
lliis pviins rnnyc from the Lower Silurinn lo 
the ( 'nrhoiiifcrous rocks, nnd ni'e therelore 
i‘Xcliisi\'cly I’nhco/.oic. 

Ill lice/// loiii jt/itihiH (liy. 4d2) the sludl is 
Very liki* Ihnt of ( [//iJol hut the wliorls 
nre lew in niiiiiher, nnd are widely se]iarated 
from one niiolher. The shell is thin, and the 
roils lie in the sniiu' ])lnne. The s])eeies of lOn. 
this i^enus rnn^e from the Lower Silurian tti 
the ('nrhoiiiferous, nnd have, heeii eonpinri'd to LiKmijilmh 
iiiipcrfeclly rolled u]) ; hut the true alUiiilies of the yeniis 
<n'(' douhirul. 

Skction Ih I’uiAiONiFErvA. — Lespiratioii am-ial, hy menus 
el a pulmonary chauihi*r. The iiudiide. tlu‘ 

erdinary Land-snails, Slug's, I’ond-snails, tk'c., and are usunlly 
provided with a well-develo])e(l shell; though this may he 
'udimentary (as in the Slugs), or even wauling. In the 
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Land-snails and IVmd-snails there is a, W(dl-d('vel()|)('d sladl 
into which tlie animal can retire completely. The SIvil^s, 
again, have a ineivly riidimentary sludl whieli is eoni]»l('t(‘l v 
(‘oncealed witliin tlie inanth*. The com})letely shell-h'ss ha iiis 



are iiei'essarily M'liolly nnhiiowii as lossils. The Slug's, witli 
a nidinioniaiT slidl, are only douhl fully ]'(‘pi'('seiili.'d in a 
lossil slato, and that oidy in tlu' Tertiai'V rocks. The aluin- 
daiKc (ij the shell-lKsiring lornis as fossils dep(.*nds niainh' 
<in the habits ol the ainmal. The laind-snails, being terr(‘s- 
trial in llaur habits, arc, necessarily, but sparinglv repivsciitcd 
as fossils, and they do not date back to a. time anterior to 
tlu' ( arboniterons. 'I he Tond-siiails, b(‘ing ex(diisi\ cK' con- 
tineil to Iresb water, aj'c only known as fossils in llu\ iatih‘ 
and laenslrine deposits, and tluay are e.xeliisively Seeondai'V 
and I ciliary, not being known in the I’aheo/oic period. 
Ih(! are divid(‘(l into tlie two orders of the 

Liinprrciildhi and Opnruhihi ^ according ;is tlai shell is d(‘s- 
titute of an o|iereuluni, or is provided with this apparatus. 

Ih.IUl, 1 \, J NOl’Ma.'t [,ATA. /Vo'// not 'jH'oCiihd, icilJt a n 

ey/C/Y'/// /////. 

I AM. 1. J I KLK'i i».i;. — Shell well de\ (‘lo])(;d, eapabh^ of con- 
taining the entire animal. AVith the exception of Id/ix, 
Dairsnnrllo^ uiid Zondrs (t.h(‘ hist u sub-geniis ol“ J/di.r), all 
the Jfiliriild ilclong to the Teiliary and Lecent periods. As 
they are .all tmanstrial in their haln'ts, they are necessarily 
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of rare occurrence as fossils, occnrrini;' cliielly in lluviatile 
laciistriiic de])osiLs. Tlie geiiiini al)Ove inentioiual liave 
])(‘Cii ibnnd in the Coal-ineasnres, and are the oldest roriiis 
of tlie groii]). The chief fossil genera are Helix, Jhilim ns, 
ArlinliiHf, Jlijift, and (’lansilvi. 

In the. genus Jlelie an; the ordinary laind-snails (fig. 433), 
ill which the shell is conical, sometiiiK's depressed, or sonie- 
liines (liscoidal; the niaertnre transverse, crescentic or ronnded, 
and the coliinielhi ]K‘rforated or ini]»erforate. 3’he Laiid- 
siiails, with two exci'ptions, ar(‘ all conlined, so lar as known, 
to the Tertiary and liecinit fieriods. The cxccjitions to this 
statement ai'e th(‘ Zoiules prisens (tig. 4.3)3), discovered hy 1)]' 
Dawson in the Cual-ineasnres of ^sova. Scotia, and the Hnr- 


a 



Meiii of (he same formation, 'flie former is a true 
hand-snail referred to Zonites or Cojitdiis, a snh-genus ot 
If el lx itself. 

In linliiiuis th(^ sliell is tnrretiMl or ohlong, the columella 
generally sini|ih‘, and the ontc'r li]» nsnally cxjiamhal and 
thickened. In tin; nearly alliial gi'iins Aeltidnia the coln- 
niella. is twisted, and the li]»s of the slndl-aperture are thin. 
Doth genera date their (‘.xistema'. from the hmceiie d'crtiary. 

In the genus Vupn the sludl is cylindrical or ohlong, with 
<‘i round, often toothed, aperturi'. The oldest member of 
this genus is the Vupa- refnstd (dig. 43)4), discovered hy l)r 
Dawson in the Coal-measures of Nova Scotia, in the hollow 
trunk of an enict Sg/iZ/e/ad. This ancient form is reiiiark- 
iihly like some living “ (.dirysalis-shells,” and there a]>pears 
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(altci l>:iv 
lar.'.vil; r, 
liirjiillril. 


. — /’a/w (Ih„,lr.r. 

.--Mil). Naliiral • 
Aji. v .•Iil.ili'r.l ; ,1. 
(..Mill 


'iiiljitmi- 


to 1)(3 no roas(3n for fra,niin!]j a new genus [Drndnrpujui) for 
its ree(‘.[)tiun. Jhe Pupd P rmulioni’iisis oi the Coal-nieasures 
is a near ally of the preceding. 
With the exce|)tioii of these 
little shells, all the fossil spc'cii's 
of Pi(jm are confined to (he Ter- 
tiary jH'i’iod, coninienc.ing in tlu' 
Koci'iie. 

Ill the genus (Vau^ilhi tlu' 
shell is spindle - sha])ed, (‘oileil 
into a lelt-handed spiral (“ sinis- 
tral”), 'vilh a,n elliptical aper- 

tiiri', i)artially contracted hy 

shelly ])roce,sses. The Phtn- 
so far as hnown, date 
their existence from tlu* Toeeiie 
Tei'l iaiT. 

K.\M. '2. TniAriD.i.;, — Shell 
rudimentary, u.sually internal or 
concealed hy tlu* manth*. Tlu* 
ill thi.s tainily, and they are onlv 

state hy doulitfnl I'l'iiiains in tie* 
fertiary. A sp(*cies of Trslorvlld has 
also heen indicati*d as ocenrring in the Alioceiii*. 

hAM. Li.mn.kij ».]■;. — Shell well dev(*loped, thin, and horn 

Apertuin simph.*; lip sharp. Tlie h/n are 

all inhahitants of fivsh wat(;r, and they arc 
lound in lliiviiitile and lacustrine deposits. 

I hey are. iH'liitved to c()ninu*nce: in tlu* 
dura.ssie ]»eriod, m(*mh(irs of this family 

having heem ih'Scrilzed from tlu*. Idas and 
Irom tlu! Ihirhe.ck IkmIs (Ujiper Oolites). 
It is not, howev(‘r, until xve reach tlu; hasc 
of the Cretaceous syst(*m (Weald Clay) that 
these forms apjaiar in any ahund:inc(!. 

1 h(! gmiiis Limiuvii (jig. 4.‘)o) includes 
the so-called ‘O’ond-snails,” characterised hy their thin, spiral, 
elongated shells, with a large hody-whorl and an ohlicpiely- 
twisted columella. I he sjjecies oI this genus commence in 


“Slugs” are iiichuhal 
known in tlu; fossil 
MiocciKi and riioceiie 


(;ol( aired. 



Fi^'. V.’ii'i — IJ III II irii 
'jiiirii iiLiili’lis. Kiii'i'ii 
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llu‘ WeaWcii (T.owor Crotaction.s) — ])cr]in,ps in t:lH 3 Upp(*i- 
Oolitos — and arc abundantly represented tliroiigliout the 
Tertiiiiy series. 

Ill the geiins Phym (litf. 450) tlie sliell is lett-lianded 
(‘‘ siiiistral ”), ovate, thin, and ])olished, witli the aperture 
rounded in front. Spiu-ies of this i;enus liave been indi- 
cahal as oeeurian^' in the rurbeek beds (Up]ter Oolites) and 
Weahlen ((h’l'tacc'ous). IVIost of the fo.'^sil s])eeies, however, 
belong to the Tertiary ])eriod, and tlie genus attains its niaxi- 
iiiiiin at the pi'esent day. 

The. gvnus Annjlns (lig. 4:! 7, <') eoinprises the so-called 
Eiver-lini]tets,” at oiu'e disti)iguish(!d l»y their thin, coni- 
eal, liiii])et-sha])ed shells. A few fossil species an; known, 
(hielly, if not exclusively, conlined to the Tertiary }»eriud. 
The P(f/(‘iirl(‘/ui('si>t, (tf the Tertiaiw, resendtles a gigantic 
A/h‘//h(s, but tin; a]tex is much incurvt;d, and an internal 
I. sulcus and (;on'es])onding supei'licial fold extend from the 
apex to the right margin, and exist in a h\ss developed form 
"II the left side. 



and riDiii alinvf, llu‘ lattfi' liL^iU'c I'lilaiV 'l. 

I h(‘ genus Pla iiorhix (lig. -157, A and n) I'ompriscs a nnin- 
her of well-known fn'sh-water shells, in which (he .shell is 
disenidal a,nd many-whorled, the apertun; eneseentie, and 
•he lij) thin. The fossil s])eci(‘s of this genus date lidiu 
da; Lias (?), but :u'e not ]>lentiful exee])t in tlu' Tertiaiy 
•hiposits, whence a. largt; number of forms has been obtained. 

I' V\i. 4. AuKlct'ian.K — Shell .s])ir;d, with a hornv epi- 
dernns ; aperture elongated and denticulated. The S])eeies 
'd' this family inhabit salt-mar.shes and places overllowed by 
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tlu^ sea. Tlu^y are of liltle iinportauee as fossils, datiiiu 
from llie Eocene Tertiary. 

OliliKi: Y. Ol'HRCUr.ATA. — Shell funiUhed mth, an opee- 
ei/lifin. 

Fam. 5. (vVceosTOMiim:. — ^Shell spiral, randy eloni;ateil, 
often depressed. A])erture nearly cirenlar. Operculinii 
S))iral. The i^eniis ([/felostoma (Hj^. -l.'HSj 
inelud(!s aliimst all the fossil species of 
this family, and dat(‘s from the Eocein' 
Tertiary. All (lu' nuaidiers of this himilv 
are terrestrial in their habits, and they 
are (*f small ini]i()rtan(a'. as fossils. 

r.A.M. h. Acicui.imi:. — Slicll elon.^atih, 
v\^. cylindricid ; o]ierculum thin and suh- 

u-ny."’" ' ' sjtiml. A specials of Arwula has heeii 

indicated as occnrriii.u; in the I’lioceiK' 
Tertiary ; hut the family is otherwise iinrepresimted hv 
fossil forms. 
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i‘T/':rop()Da. ' 

Class TIT. I'tkkoi’ODA. — Thr Ptrropoihi nro doiined hv ])ci]iL; 

fn'f mul sii'i III III i inj hi/ /in'iiii.s of tiro iri ii//-( ikr u/i/irn- 

iJtii/rs (I'jii jioit III ), ifi'}‘i'toj)i‘it Ji'oiii i'l/r/i- siitr of iJic oii/t i'ior r.i'- 
ii'i'iiiifi/ if fill' hoitif. Till' Jli ■I II I'l' of fill' iiiti'sf i/ir /.s’ iii'H/'iif. 

As to tlio jiositioii of tlu'. Pfi'i'o/iijihi ill the Arolluscaii 
scalo, llioy must Co looked ii[»oii a.s iulorior in organisation 
to any of tla^ (insfi'rojioifi/ , ot wliic.li olass tlioy are olti'ii 
R'gardod as the lowest division. Tlioy pca’inanontly ro[)ro- 
seiit, in liu;!, the transiimt laiaal sta^-o of tlu; Sea-snails. 

Till.' liviiiy l’t(!ro])ods are all ol‘ small size, and ari' found 
swiiiiminL;' at the sui'faeo of tlio oiam ocean, often in (Mior- 
nioiis mimhers. Ivoooniotion is ell’eeted liy two winy-lila* 
lies (ligs. ddl), 4‘1()) dovelot»od from the sides of the head. 



Ill some cases the liody is naked and unjn’oteoted ; lait 
there is commonly a symmetrical glassy shell, either eon- 



48 


rTKROPOBA. 


sistiiig of :t dorsal and ventral plate united, or foriniii;^- n 
spiral. 

Tlie PfrrojKxla are divided into two orders, ti'rined Tlurosn- 
iiitild and Oiiinaoxonuda ; the ioriner eharaeterised liy possess- 
ing an exU'rnal sliell and an indistinet liead ; the latter hy 
being devoid of a shell, and l»y having a distiiiet head, with 
tins attached to tlie neck. 

Tlu! ( tyiunosoinatous rtero})ods, in whii'h there is iia 
shell, as a matter of conrse, are wholly unknown in tlie 
fossil condition. The Thecosoniatoiis Tlei'o])ods, in whicli 
there is a shell, are divided into two i'aniili('s - -the IhjidPdlo 
and JdiiKici/iiihr. Tin; latter conipilses Ibrins in which tliciv 
is a small s]»iral shell, which is sometimes piovided with an 
ot)ercnluni ; but it is nnre]ireseiited in a fossil state. Tin* 
former family c()m]irises Ibnns in which tlu‘ sht‘11 is syni- 
nudrical, straiglit or curved, globular or iKH‘(llc'sha])ed, and 
it is re])resented by a considerable number of fossil fui'iiis, 
most of which are. (nxtrmnely unlik(‘ any known living (cx- 
arntdes of the class, being often of C(Hiiparali\ely colossal 
dimensions. The fossil forms mostly belong to thi^ genera 
Tli/dh’d, Ciirwi'Kt, (Hcoihn'n ^ Jfif(il//li('s (^Tldcd), /Vc/’a///cre, Ti'ii- 
/cra///r.v, and (..^diiflurid ; but other less iin])ortant tyi>es arc 
known to have existed in ])ast tinac Of the above-meii- 
ti(jnc(l gemuic. ibrms, the lirst thrcu*. iiw. wcdl repi'csentcd at 
the pi'csent day by living forms. The reiiiaining four aic 
almost exclusiv(‘ly kala.‘(.)/oic, (d)inil(iri(i aloin; siirvi\ iiig iiita 
the earlier poilion of the l\Ieso/.oic ])erio(l. Xot onlv is 
this the case, but the forms in (juestion all coniineiu'e tlaai 
existence in the Lowin’ Silurian oi’ U]»pei’ ('and)rian, and 
only Jlifdl dlics and (J(uiv/(iri(( transgi’ess the ut)])er limit 
of the Devonian rocks. Lastly, almost all these Ibriie 
are id' comparativady gigantic si/e., and they differ in maiiv 
res])ects fiom living forms. 

Among the lossil members of the class, the, lai’gisst gmicia 
an; I f'lildrid (frs^ llijoJiUuii (Tlurd'j^ (Jim nhi rtd , and IJirufJio''- 
Ihese are also the most widely disti'ibuted types, and the 
ones with the longest vertical range. T;doni as a whole, the 
l't(‘ro]>ods attain tlanr maximum us fo.ssils in the Lower 
Silurian rocks : they diminish gradually in number towanb 
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llio (‘.losi*. of tlic I’ala'ozoic jX'i'iod; tlioy ai'(! lianlly r(‘))r(‘- 
sc.iiUal at all in tlin IMosozoic. pciaod; and they am jav.snnt in 
lli(‘, Tartiary paiind niKkn* woll-knowii nxistiiy^- types. 

Ill Ilia yaiuis Hifnlid (ti^. 441) llu! .slicdl is glolndar, trans- 
lucent, ilia (Idi'sal i)lata axtiaidatl into a liood ; tlic ajiartiira 
is caiitraatad, ^vith a lataral 
slit (111 aaali side. 41 la I'ossil 
sj'aeias ara only known in 
lli(‘ Alioai'iia and IMioaaiU' 

Ttaliiuy, and Ilia yaims at- 
tains its niaxinriini in (‘xist- 'ivitimy. 

ilia sans. (yroi/tnut lias a 

])yraiuida] sliall, and dat(‘s i'roin tin* l\Iioaana; and Curhrhi 
('liy. 4d9j lias a aylindriaal sliidl, and datias IVoni tlia Plio- 
eaiia. rx.ith tlu'sa yaiiara attain tliair niaxiinuin at tlia 
jii'asaiit day. Sf/filnln (lia_ 4 111, c) is vaiy (dosidy ndati'd to 
Clniiliiiv, and is alsu raprasentad by both liviiiy and 4’ai'- 
tiaiy I'oi'ins, while a Silurian Ibssil lias bean ralarrad to this 



aaiiiis. 

The Lower Lahaozoia roidvs contain nuiiiaroiis Ibniis of tlia 
yanus Il/ioHl/ns, this nania saaininy; to have ])riority over the 



l-'ic. tin. A, V!,, nth, CO ,-nrr<ntnt., Sihniaii (al’I.T S.mII.t); e. I't, ,,-th, t, ' 

Siliiri;iii (Mftcr Salter); , ^1 i/l i (I I i-) ,!, i„, ,ni Mioe.'iie; l>, II ,!.■!, tin . (Th, ■■■>) , 

'"“I 'S ita n]ie|i'nlmii 1 ' 1 1| ler Ca iri Ui Kill (a I'U'r Salt it) ; r, Ihh'l illn-. ,f r,,l ii< I'piiiT t'.aiiiliMaii ; 

"0 'a aros.s-sc( tii)li ul llir saiiii' (allrr Salter) ; ii, Hiinlitlns ((( aUis— Siliiriaii (.il'Ier KieliwalU) 

more hnniliar Thrcn , as also over Puifitniriihis. The shells in- 
' huled inidar tlu; yaniis IfifitlKIiis (liy. 442, l>, ]•, ii) ara bayonat- 
slia])ed or aoniaal, usually slraiyht, Imt soniatinias aurvad, of 
VHh. II. 1 ) 
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tliin texture, ti'aiisversi'ly atriated or sinoolh, .soinetimes witli 
uiari;iiial ril)a, Iml witliouL lateral appeiula-ea. The iiiuutli 
of the sliell is trijj;oiial, and iii soiiu^ loniis, at any i'at(', is 
furiiisheil with au ojtereuluiu (lii;-. Mt!, k), or oeeasioiially 
funiislu'd with curved lat(U-al a|iiteii(hyL;(‘S. The length of 
tlie shell varies, hut is coiiiuioiily from an inch to a,n iiieli 
iiiid a half. The giuiiis is apparently allied to the ivceiit 
Ciio, hut till! dimeiisioiis of the. shell much evceed those of 
any known sjn'cies ol the latter. Harrauih.' i;‘numei‘atcs 
eightv-four Pahei>/,oie s|ieeics, pi'iiieipally distrihuti'd in th(“ 
Upper t aiiihrian and Silurian, hut oceurriiig also in the 1 )e- 
voiiian and Uermian. Pfifolln ra (tig. 44J, A and I’.), oi the 
Silurian, in many respi'cts resemhles Iftful illns ; hut tin' 
uu‘dian dagg(!r-shaj>ed shell is liordei'ed hy hiteral eom.'entii- 
eallv-striatc'.d exjiansioiis or alations, thus comiug to siipei'- 
lieiidly reseuihh' the, carapace of I'ertain of tlii! Phyllo])ods. 

The Silurian genus (^ilcoju'ion has a. cylindrical and (‘onical ^ 
shell, the exterior of which is marked with chevi’omshapeil 
striae I'ossihly allied to the preceding types, hut of veiv 
uncertain allinities, are the genera Ih'iiuci’nis and Sh//r/v//c. 
In the lirst of these ari! eomV-al (!longated shells, ol circular 
section, in which the walls are thickeni'd hy the deposition 
of coiiceiitrii.'. cahureoiis lanielke, till only a small tiihiilar 
space is h‘ft in the centre. The genus is Silurian. S'e/- 
h'lU'lld, of the Ujtpei- Uamhriaii, com])rises conical tiihcs. 
resemhling tlu! ])rcceding in shape, hut consisting (it sevci'al 
hollow cones pla(!ed oiii! within the other. 

The genus Cmuilti nn is oiu; ol tlu! most lextraordiiiary ol 
the extinct genera of the I’teropods, if only lor the eiiornioiis 
si/e attained hy many examples. The shape ol the shell i' 
veiy lik(‘ that (4‘ some living Tteropods, hut specimens occa- 
sionally I'each the length of nearly a, foot, with a hreadth ol 
more th:in an ini'li. The shell in (^tniiihirut (lig. 44.‘’>) 
straight, tajn-ring towards one end, and ha\ ing a suh-nuadiatc 
or rhond»oidal ajierture ;it tin! othei'. The form of tlii! shell is 
generariy distinctly four-sided, tlu! sides heing linely striatid 
with transverse lines, d’he shell is generally of e.xtreiu'' 
tiiiiuity ; hut the internal cavity is sometimes ricstrieted h.V 
concentric lainelhe, and the apex may hi; partitioned 'ill. 
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}l. Pavninilf*, enuinoratc:^ (*i\t;]ity-tliree s])eci(:*s of Co/uih/ria , 
most of which ave rahcozoic, coininciiciiiLj in tlu; lowest 
Silurian deposits. Tin; ^'(‘niis, liowevei-, 

(‘Xtiuids into tlie Me^so/oie. rocks, lh(i last 
spedes, so far as a,t present known, ap- " 

|ieariii,i;’ in the I.ias. 

Lastly, tlu! e,emis TtiihinirihH eom- 
prises a iiuinher ol‘ siipi^iilar I'aheozoie 
fossils, the true jxisilion of wdiieh cannot 
he said to l)e ahsuhitely IVei^ from doiiht. 

Most authorities now ]dace Trulifni/i/ix, 
willi appai'tuitly ^'(»oil n'ason, in the !‘hru- 
iKiihi ; hut others Avould still refer this 
l^einis to tin* Tuhicolar Annelides. It , 
must he admitted, alsit, that in some n.-v, 

respects TnihiriiUtr,^ approximates pretty 

closily t(i the Annelidoiis ocik.i-i ( ttn/ He.-; ;ind (^oni nl ih ■-<. 
I’lioii the whoh', however, the iiuxle of occurrence of Tiufu- 
nilllrs^ and its uiidouhti-d fnx' hahit of existence, leave little 
douht as to its tnu‘. place, heiny amongst th(‘. l*torop(»ds. The 
shell of Tnihici/IUcs (tiy. I l l) has the form 
ol a strid^^ht conical tuhe, tapcnine; towartls 
0111“ extremity to a pointed closed ajx'X, and tlj 

(‘XpamliiiLf towards the otliei' to a. circular 
ap(‘rtur(‘. The walls of the shell are thin, 
and are surrounded with numerous thickened 
'iiips or annulatioiis, sometimes with inter- 
mediate strim, oV(‘r a whole or part of tin* 
loiiptli ol the tuhe. Th(“ six(‘ of T</if((rtihfrs 
varies much in diffenmt cases, heiinj;- some- l i.-. m y,,,/,. 
limes h‘ss than a coinile ol' lines in len-dli, 

• “ Slluri.lll. 

aud sometimes attainiiiLf a leie^th of an inch xV'tUi vm. n. ... 

*a' more. I'ilty-two sp)eci(*s of Tintai id Ht s 
are cnumeraled hy i\r. llarrandt', comnu'ncin;^ in the I.ttW(‘r 
^•hiriaii and ranyiiiLt into the Devonian. The u'cnus is, 
however, priiicijadly Silurian, and examples of .some species 
"Iten occur in myriads through a (*(»nsiderahle thickness of 
atrata. 

die ty[>i(‘al species of 'rndacKlifis possess an annulated 
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shell, hnt tluMv is one eurions little form (the T. Jissnrr/lu 
of the l)evoni:ui), which, if rightly releired to this genus ril 
ell, has the ])ecnliaril y that the shell is destitute ol tin- 
eharacteristic I'ings. This sgecies is flirt lu'r riunarkahle as 
oeeasionallv oeemriiig in such extra(»rdiiiary ]irolusion a^ 
to aeluallv form beds of limestone; as uhsei'ved by tlif 
author and bv Atr deorgi' llinde in a thin limestone in 
the nevt.mian ((leiiesee Slates) of North America. 



(^HATTER XXVII. 


CL A SS CE PH .1 IH) Pin E\. 

Class W. Ckth \ r.(iri)i>A. — 'Y\\o. hkmuIx'is of tli(‘ (CiiJuiJujHKlx 
;iiv (k'limsl l)y the jiossossioii (tf r/y/// nr mnrr unns jiL.iriil m 
II ciri'lc rouiul (hr imnifh ; Un' hm/i/ /.s i /irlnsn/ m n niiisnihir 
iiiiiii(li'-!>iii\ iiiiil Ilirrr a rr hro nr Jmi r iihuiir-IiJ.r i/)IL< iriHini 
llii‘ iiiKiiflr. Tlirrr ix a ii. mCrn'or I iilmln r nnfirr (/hr '‘niJititiL- 
hrliiniy” nr I'mniir'), Ihrnmjh irhiili thr rjjr/r irnlrrnj I'cxjiirn- 
hn'ii. IS I'j'prili il. 

The (Ci>liiilnpn(J(i, coiiipiisiny tlie ( 'iilllc-lislios, S([uiils, 
ri'iirly Nautilus, N'c., coiistiluto tla* iiidsl liiyiily ()ryaiiisi.a.l o! 
llic classes of tlic A/nihixni. Tlicy arc all marine ami cai'- 
iiiviiroiis, ami arc pcsscssed of (‘(nisidcral'lc- locomoti\(‘ powers. 
At tile liolCaii of the sea, they can walk altoul, lieail ilown- 
wards, liy means of tlu' aiaiis wliicli surrouml the mouth, ami 
wliicli ar(‘ usually jirovided with nuim'roiis suckers or “aceta- 
Ijula.” Tlu'V arc also enalkal to swim, partly hy imams of 
latia’al e\|)ausions of the inteyiiment or tins (not always ])rcs- 
I'lit), aud partly hy means of tin* forcihh* expulsion of water 
through the tubular “ iuniiel, ’ the reaction of whieli caus(‘s 
tlu' aiiinial to moye in the o]i]»osite diiaadion. 

The majority of the liyimj,- ( ephalo])ods an* naked, possi-ss- 
iiip only an internal skch‘ton, and this often a rudiim'utary 
; hut the Aryonaut (l*a.]»er Nautilus) and tin* 1’i‘arly 
Aaiitihis are ])rolected willi an ('xtevnal shell, thoiiyh the 
’lidure of this is extreim'ly diflerent in the two forms. 

The liody in the (A phninfioiLi is syinnietrieal, and is eii- 
‘Tjsed ill an inteyument which may he regarded as a modi- 
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lication of tla^ iiianllo of tlio otlu'r MolInmL Onlinavily 
tliore ia a t(ilt.‘ral)lv disliiiot so]Kiratioii of the l) 0 (ly (fii^'. 440) 
into an anterior (‘e|)lialii‘ portion (/>/v^,sr>y//o), .and a ])ost('rior 
])ortion, enveloped in the mantle, and eontainiina; tin; viscera 
[iiii’/fisiDiiti). The lu'ad is very 



distinct, hi'arino a ]tair of lar^e 
^iohular ev('s, and liaviny tlie 
iiionlh in its centre'. The nionlli 
is snrroiinded liy a circle of (‘iyhl, 
ten, or more, lone; inusenlar ]iro- 
(H'sses (tr “ arms ” (liy. 4-1o), wliicli 
are yenerally ])rovided with rows 
ol‘ siK'kers. In the (.)elo])od Cnttli'- 
lishes there* are eeidy e'iyht ai’ins, 
and tlu'se are* idl tiearly alike, 
in the* |)e*capod ( 'nttle - 1ishe*s 
tlie*r(! are* te'ii arms, hut two of 
tlie'se* e-alle‘d “ te'litacle'S ” — aiv 
mncli loiiye-r than the others, and 
ht'ar suckers oidy at theii* e‘.\- 
tiv.mitie-s, whicli are* enlarynd ami 
(dnh-sliap(.‘d. In the I'carly Nau- 


tilus till* arms are niini(*rons, and 



The* ]iarts of the f Vp/c//cyec4c 
wluidi may he' j)re*serve‘d in a. iossil coiielition, !Uid wliiili 
thus inte*re*st the* ]»akeontoloyist , am* the* 'Iiki/uI ih/is, tlie* ////- 
dc//, anel the* slrlrhm, whe'the*r this he* internal en* e-xte-iiial. 

The ijiiniillhhs are* cetntaine*il within the* mouth ear “ hiicead 
e'avity ” oi' the* animal, anel have* the* form ejf |iowe‘rtul jaws, 
woikiny \e-itically like: the* he‘ak ol' a, hire!. Tlie'v ;ii'c 
lioiii)’ eu' suh-e-alcare*e)us, anel in sha|»e*, ede»se‘ly re'se'iuhle: the 
he‘ak etf a. ]iarrot, with this elirihivne-e*, that the* hirye-st eel the 
two manelii)le*s is ])la(*e;el iiderieerly. iManelihh'S ed this 
nature' are ])re,se*nt in heeth the* ( 'utl le‘-lishe*s and the: Te'arlv 
Xantiliis, he-iny horny in the forme'r anel e:;ih‘[ire*ous in the 
latte*!', and the:y eleeuhtleess (*xiste:el in all the extilU'h lorias. 
The* eadceire-ous he:aks not unceemmeanly oe*e*ur as fossils, hid 
the’V do not .ajeteear tee have liee:n ohserveel out eel the d liras- 
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sic and (VetacorniR I'ocks. Tlioy ai‘o commonly called 
“ Idi^nclinlitcs,” and genera sncli as UhijHchotcvfhU have 
ht'cn founded n])on lliem (liy. 44()). 

The in}:-lui(f is a special yland possessed hy the (ditlle- 
fislies, for the ])ni'])ose of secretin, y an inky fluid, which the 
aiiinial (‘an discharge into the wat(!r, so as to enable it to 
('sca]i(' wlam namaced oi‘ ])nrsned. Tin* S('ei‘etion of the 
ink-hay consists ol iin(dy-di\ided ])a]tielcs (d cai'hon sns- 
]H‘n(led in fluid, and it is cxtivmely indestrnctihle. The 
ink-hay, with its contained S(‘ci'('l ion, is not nncomnionlv 
tiiiind in tin' fossil condition ; hnt it has oidy Imsoi ohserve-.d 
in sti-ata of S('(‘oiidary aye. In the Tetrahrain'liiate ('(‘plni- 
l()])ods, in which tlnwo is an e\4einal shell, and this iiK'ans 
el delenc(.‘ is not lU'cded, ther(( is no iid^-hne'. 

Ilu' ,s7/(7/ of tin' ('( i>lifih)i)iiil(i is sometimes (‘xteinal, soiiie- 
tiiiies internal. The intei'iial skeh'lon is known as tlie 



'■ eiiUle-hone,” “ se]»i((stair(‘,” or ‘‘])(‘n'’ {ffltfJli/s), mid mav In- 
'■itln'i' ('oriieoiis or eal(‘ai'e(»ns (fiy. 44; , c and !>'. In some 
ias(>s it is rendeivd (‘oniplex hy tin' addition of a elianilMM'ed 
l"'i'tion or ])hrayniaeone,” Avhich is to Ih' reyaiihal as a 
visi'eral skeletoji or “ splanchnosk(‘leton7’ In Spiniln tin' 
plirayinacoin' (liy. 447, c and d) is the .-.ole internal ski-leton. 
inid is coiled into a. s])iral. tlu' coils of Avhich lie in one 
I'laiK', and are near one another, hnt not in contac't. It 
thus r(‘S(‘inl)h'S the shell of the Pearly iNantilns, hnt it is 
iii/i'riKi/, and dilfei’s, theri'foi'c, entirely from tin* r.rfrnhd 
du'll of the latter. Tin* only liviny (Vjdialopods which are 
I'l’ovided with an external shell are the Paper Xantilns 
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(Ar^iDnrniln) nud the Pearly Nautilus {N(nifilii^ jXDUjiiHifs) ■_ 
hut not only is the strueture ot the animal diHerent in each 
ot these, hut tlie nature of the shell itself is entirely dilferent. 
The shell of the Argonaut is iuvdluted, hut is not (li\ idcil 



Fii', •1-17. -'/, Int.Tii.'il ^k.'Ii-tr.ii nl'.s./.k/ I'.-n ,,f H;./:,,/, I'lhl, li i,t ,i,i ; Mn II 

(•‘ I'liiMgiiiinoiic ■’} nf nUi jni'jiii: ; <1, Aiiiiii.-il Sfiii'lii r(rl■,lii. 

into ehamlxu's, and it is seer(!t('d hv the wchhed (‘.xtivni- 
ities ui two of the dorsiil arms of the femah'. d'he arms 
are Ixait hmd^wai'ds, so as to .allow [\m animal to live 
in the shidl, hut tluna; is in reality' no organic, coiinectieii 
hetw(;cn the slndl and the hotly of the animal. In tact, Llic 
shtdl of the Aigtniaut, htang eonlined to the hanale, and 
serving hy its eni|»ty a.jtex as a rt'ceptaidts for tin- ova, niav 
lit! looked n])on as a “ nidaineiital slndl,” or, as it is seei'clcd 
hy a modifieil |toi'lion of the foot, it may more ])ro])erly he 
regarded as a “ ]»edal shell.” The slndl of tin; Peai'ly Nauti- 
lus nig. 448 ), on the otlnar hand, is a true pallial slndl, and 
is secietctl hy the hotly t)f the, animal, to whiidi it is orgaiii- 
ea.lly ettniiecletl. It is invtduttsl, hut it differs from the 
shell ot tht' Argonaut in hidng dividetl into a series t)f tdiani- 
hers hy shelly partitions or se])ta, which are jtiereetl hy a 
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liil)0 or “ .sipliuiiclo,” tlio animal itself living in tlio last 
cliaiiiliei' only of ilio shell. 

'file Crpli((f(ip<Khi are diviiled into two extremely distinct 
and wi'll-inarked orders, termed the Dihrioicli it/fa and Tdra- 
hrunrhialo. Tlie I'oriiH'r is characterised hy the ])ossession 
of two gills only, and hy the fact lhat the sliell, if (‘xternal 
(as it very randy is), is m'ViM' cliamhercil. In this order are 
comiirised the li\'ing Cuttle-tishes, Scjuids, and ra])cr Xanti- 
liis, with the extinct family of the Inhin nU/uhv. The latti'r 
is distinguished liy the ]iresence of four gills, and hy the 
jiosscssioii of an (cxtei'iial many - chand»(*r(Ml slndl. ddiis 
(irdia- is ahundanlly re])r(‘sented in past time, hut has no 
(illicr li\’ing re])r(‘S(uitalive than the 1’t‘arly Nautilus alone. 
Till' following table gives the eliaraeters and leading genera 
i)f the I'amilii'S of ('( plntlopotltt : — 


Sv.XOI’SIS OF TIIK FaMII.II'.S oF I'lli: CiaUfAl.tiFoDA, 

(‘|;ASS (.'FaaiAI.OFODA. 

OllDFH I. 1 )1 liUAXa iilATA. 

Animal willi Iwe liraimliia' ; iml nmit* than ciglit <ir Il'ii 
arms, piioaded witli sindo is; an ink hag. Slndl imnimonlv 
intm iial and l•nlliml■ntavv ; raody (.•xternal, hnt in-'t ehand)i‘i'e(l. 
Sf.ctkix A. ()(.'r(»Foi)A. 

I ujhi, sm7o /•.‘i 
I' nni. 1. I'f 1'^"'. 

Female jiftivided with a oalcarecus, external, nnnmthalanmus 
shell, secl'eted hy the W ehhed ext reinities ot twe ol the delsal 
arms. (hai. AniiutKiiht. 

I' <( III . '2. f )('((' j>i III I till'. 

Slndl intei'iial, indimeiitarv, nnealeilied. Xo pallia! tins in 
most. 111. ( !en. Tn ulitctitinift^ EhUuu , I'iiinorli'iiKs. 

iSlXTlON 1’,. DfCAFODA. 

.l/'/e.s ihilif, irilh lira rliinftc tciitndi a xKrki rt^ ju il h m'lilift' iK 
Einn. a. Ti iilliiil,i. 

Shell an internal horny “ pen " or ‘ggladins.'' Fins nmslly 
terminal. 111. (Jen. /.e/o/", (hnjdioti uiliia, ( hit nmsfn [tins. 

Ellin. I. I’xhiniiHiihi. 

Shell inteinal, composed of a conical (diamhercd jention 
! “ phragmacone ") with a. in.'irgimd sijdmncle, produced into a 
horny plate, or “pen,’’ and lodged in a cylindrical lihrons 
“guard." 111. tJcii. Edciitnitr;;, IldnnnitdlK, Ei'h nuiofinflds. 
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Ftim. 5 . St'pifiilo'. 

Shell ealeuivniis, coiisistiiVL^ of a hmad, laminar ])late, termi^ 
natinL,^ in an imperfeetly - cliainlK-rtMl ajx'x (“[)hi'aL,ouac()iie i. 

111. (Jell. Srj>li(, Jiilnjitrra, Spi nil i lost ni. 

Fain. (5. Spi ml ala . 

Shell internal, iiacrenii.^, ehainhen d, (li.seoidal ; the whorl.- 
si'parali* ; a ventral .^iphiiinde. (len. Spirnlu. 

OUI.IKH TI. TKTKAlinAXCinAT.V. 

Animal with fi>nr ^ills ; arms more than tiMi, wilhoiil 
sin-ki'i's ; no ink - hai^- ; slndl external, (diamhei’ed, and .^i 
]ihnn(ded. 

Fan,. 1. .\antllala. 

Sutures of the sludl simjih- ; the sijthuui’le ceutial, siih- 
eeiitial, or neai’ the concavity of (he curved shells, simple. 

Siili- la hi il II \ a III 1 1 Ilia prniu f. 

Jlody -chand'ci' capai ious ; ajierture ,siiu]>h' ; si]»huiich 
central or inteiaial. ill. (leu. ,Vo/0//c,s. I.llnih.'i, Tnii'li" 
rma.'i. 

Si'll- fa III llij ( h'lh'ii'i ral Ilia . 

Shell straiyht, curveil, or discoidal ; hoily - (;hamhci 
Sjiiall ; ajici'tufe cdutracted ; siphuiicle complicated. 111. 
(leu. I h'llinii I'ln, I’liiaijiiiiiii ra.-i, i ' iji'l in'i nn. 

/' am. ’2, . I III iiiiiii il Ilia . 

Shell dix'iiidal, curvei], spiral, or straiyhl ; body -chanihci 
eloii^atc-d ; a]>ei'ture eiualded hy ]U'ocess,.s, nr closed hy an 
o)'ei'cnlum; .^ntures aiiuulated, luhed, ui' Inliai'eous ; siiihuiici( 
extern.al oi' doi>al (on the cnnxcx side of the cuiAed slielh. 
ill. (len. .1 III iiain ill ! 'i ral ih Jlariilih s, Tn ml ih .-i, Srapli ih 

J iiriihii i i a.<. 


i\.s rt'iyard-s tlndr m'lioi'ul distriluil ioii in 1 iiiio, tlio (ojdialo 
])()(l.s are- lai'mdy I'cpfc.soiitml in all tli(‘ ])i'!iiiafy ymiijis ol 
slratiiiod roedxs iVom tin* l.owcr Siltiriaii ii]i to tlio ])n‘S(‘iit 
(hiy. (M the two onlcl'.s (d ( ^jilialniiinla , lli(' Tr! rahra iirli lala 
is tin* oldest, attaining its niaxiiimiii in the Pahoo/dio ])erio(l. 
(h^crcasiny in tin* Mesn/oie and Kainozcdc t'jiotdis, and ladii'j 
ropfcsenled at the present, day by tin; sinyh' e,.]ins Xu a! it ns. 
Ol tho StM'tiniis ol this order, the. Aanh/n/a projwr tind the 
Orthorrraf Ilia- are ])re-eniinentdy Jhilteozoie, and the, Annnan- 
ifhla: ar(' not only ])r(t-eniin(!ntly hnt are tdinost extdnsively 
Sta'ondary. ( )1 the jtluindaiKM! of tin' t,wo t'ornn'r laniilies in 
thn Siliiriai) seas some id<‘a may In* olttained xvlien it is mmi 
tioned lh;i.t over ti thonsaiid s])e(‘,ies have hta*]! descrihc'd Ip 



T ETR A V> llA^ (J 1 1 T A'r K ( ’ K I’ll A L( )T’OI)S. 


no 

M. naiTande from tlic Silurian basin of lioliomia, alone. Tlie 
Xiiiifi/iilff’ pro})er liave gradually (lecrea,se(l in nunilua's from 
the rabeozoie, tlirougli the Secondary and Tertiary p('rio(ls, 
to tli(' ju'eseiit day. The Orfliocrritf ii/tr died out mucli soomu’, 
l)eiii,y exclusively Pabeozoic, 'with tlu; exce])tiou of the ^-eiieia 
(hiJuurrif^ itself and Cifrforrnis^ whicJi .sui'vived intn the eom- 
iiu'uccmeut of tlu'. Secondary ])i'riod, linally dyiiiy out in 
tlu' Trias. 

The second family ol’ llu; Tih'al>nrur}ihilit-- -\Y/.., Ww, A nrnto- 
voVe/c'-— is almost (exclusively S(a;ondary, iK'iiiy vmy laiyel}' 
re])res('iited by numerous sju'cies of the yenoi'a A iinimii 

lirs, 'J'y rril ///•>!, tVc. Thi' chief Pala-ozoic geia-ra 

,‘ire (In)iiiififi's and litni rUrn, of whicli tlie foianer is found 
IVoiu th(' lYpei' Siluj'ian to tlic' Trias, wliilst tlu* lallei- is a 
Silurian and i)(‘Vonian form. The yenus vl//////oy//7r.s-, liow- 
occui's in the (ai'lxmifei'ous, and has biam also Ibund in 
strata of Tei'tiaiy ayae Tlu' ymius Crntllfrs is characteristi- 
cally Triassie, but it is said to occur in tlie Dt'vonian rocks, 
and some s]»eci('s are (’retaei'ous. All the remainiuy yciiera 
are ('xclusividy Serondary, the yeiiera lActil Ihs, Ti' ri'il ifrs, 
Iftiniih^, [\\\[\ I'tfivIttH'i nis beiny conlined to the ( ’retaceous 
Iieibal. 

Of th(‘ I )ibranchiat(' ( 'ephalojiods tin' n'cord is b-ss iK i h'rt, 
as tliev have hxv structures which are cajtablc (d‘ juvsorva- 
tinii. They attain tlieir maximum, as fossils, sliorlly after 
their (irst^ a]»]u'aranci‘ in the Si'condarv rocks, whei'(> they 
are re]ii'(‘seiit(Ml by tlu* birys' and im]>ortant family of tlu' 
II it tilir. Some of the TihI h nhr and Si/iKiilft ar(‘ lound 
helh in the Secondary and in tlu' Ttuliary I'ocks, and two 
s]H‘ei('s of Aryommt have bt'cn discovered in tlie later Ter- 
tiaries. No (‘xaniple of a, 1 libranchiati* ( \‘|>halo]iod is known 
b'eiii the 1’a.beozoic deposits, and tlie order attains its niaxi- 
laiim at the jtri'smit day. 


T I '.T 1 : ni ! .\ X ( ’ 1 11 A 'I'l', (1 r. i • 1 1 a i .oi a n > s^. 

I be Tetrabranchiate (’e]>balopods are cbaractmased by iK'iny 
iniiij fi II 1 iiifils, jiriifrrtnl hi/ dii cxin'iuiJ , tninnj-chtniihrri il s/n ll, 
f/Y_xqit<i Ini irn’ii (hr chiiiiihn‘s of vli irh mr /icrforofi il hi/ o iurm- 
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or cn/ro iroKs hih(\ tninril fhr ripJuDicIc. The oi'idr 
(I I' i' iiif (iiol Ki'i' (h'l'Oid of siirl'i'i‘>; I i/ir lo'd iicJi lO' ((vc Joii i' 
in lUdjilii'r, hn> on ('orh sn/f of f/ir hix/if ; f hr J ininrl ilors -nul 
/ot'tii <( (‘ooijild)' I nlu' ; (fin/ llo rr is no inh'-lxoj. 

The Tetraln-uichiate ( V]»hal<)[K»(l,s have an eiionnoiis de- 
velopnieiit in past time, an iiiiniense niimlier of species, 
mostly helonp'iiiy to extinct typ*’-'?. heiiiy' known Ivom tlc! 
Pahco/oic rocks alone. In tlie iMesozoic rocks tin' memhiMs 
of this order were almost equally ahiindant. In the Tmliaiy 
rocks the order is rednc<‘d to the, sinyle yenns Xonhlns^ 
I'epresimti'd at the ]»rescnt day hy the sinyle specie's 
ixintfiiliiis (the rearly Xaiitilus), with some \ (‘ry neai ly allied 
forms. The })alu'on(olooical imj)ortance of this order heiny 
so yreat, it may he as w(dl to ]trefac(‘ flu; :icconnt of tla.' 
extinct forms hy a short descri[>tion of the strnetnro ol the 
liviny Xinifihis pnnijd/hts, desc.rih('d ly L’rofe'ssor Owen, 
from the most perfect sjeecinK'n which has as ye.'t Ix'en obtained. 

'I'lii'. soft structures in the I’early Xaiitilus may he diviih'd 
into a ])osterior, soft, iiK'nihranous mass (/iidositiiio), contain- 
iny th(i viscera, and an a.n(crior muscular division, conpirisiiiy 
the head { fnoxiynifi) \ the whohe heiny contained in the onli'i- 
most, capacious chamher (the hody-ehamh('r) <d' tlu' shell, 
from wliiedi tin; head can lie jiroti’inh'd at will. Tin' shell 
itself (liy. 44S) is iiivoliitnd and many-chamheivd, the animal 
lieiny contained siiceessividy in (‘ach chamhei’, and retirinv^ 
from it as its size hecomes sulliciimtly yri'at to necessitate 
th(', aeipiisilion of mor(^ I'oom. Kac.h chaiuher, <as the animal 
retiiv's li'om it, is walled off hy a curvcid, nacreous se])tuni; 
the coninninieation l)etwe.en the chamht'i's heiny still kept 
up hy a ni(‘nd»ranous tuh(! or siphuncle, which opens id. one 
extremily into the ])ericardiiim, and is continiu'd thronyh the 
c-ntii'i'. h'liyth of the, shell. The position of the sii)hnnch; is 
in th(! centre of each s(!j)tum. 

I'ostei'iorly the maiith*, of the Nautilus is very thin, hnt 
it is miudi thicker in front, and forms a tliick iold or collar 
sinanundiny the head and its ajipendayes. From the sides ol 
the head spriny a yrciat numher of muscular ]irehe.nsile ])ro- 
(‘('sstrs or “ arms,” which are annulate, d, hut a.ie not provided 
with Clips lU' suckers. Jii the centre of the head is the 
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iiiDiitli, surroiiiiik'.d by circiibir ilesliy li]), (‘xlcnial lo ^^bi(.■ll 
is a series of laliial ])r<)et‘ss(.‘s. Tlie iiioiilb (.i)cns into a 
laiccal eavity, arjiied wit.li two lioniy inaiulibb's, ])artially 
(■ulcilir‘(l towards ilii;ir extreinitic'S, and sba]ual like Ibe beak 



I'i-, r.'arlv Nimliliis c, M.mtl.'; l.'M 

r, ll.HMl ; I-, /, Ti iit.irl.'s; /. I'lllill. 1. 


(.f a i.arrot, ('xce])l tliat Ili(' under inaiidilde is tbe loii-vsi, 
I'liere is also a " tonyin',” wliieb is llesbv and sentient in 
IVoiit, l)ut is armed with naairved E'etb ludiind. 'I'lie yidlot 
oiieris into a lai'i^x' cro]>, wliieli in Inrn eonduets to a yi/->'>(i'd. 
imd tlie intestine terminates at tlie l>ase ol tbe Imiiiel. t di 
eaeli side of the eroj) is a well-(levelo|>ed liver, 

Tlio lu'art is eontainc.l in a lar-e eavity, dividod into several 
cliaiabers, and ternu'd tlu' “ ])erieardinm (Owm). lln’ro^- 
piratory or-aiis are in tbe form of four pyramidal branebiaa 
two on eaeli siile. 

The ehiid' massi's of tbe nervous system aiv' the eerebral 
and iulra-o‘so])ha'j;eal ttaiyu’lia, rvbieli are partially ])roteeted 
by a eartilayiuous ])late, wliieh is to be re.uarded as a rudi- 
iiieiitary eraniuni, :nul whieli semis out ]»roeesses tor thi‘ 
attaelmient of niusides. The oruaus ol sens(‘ ari' two laiy** 
nves, attaehed by short stalks to tbe sides of the bead, and 
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two liollow ])lieated suL-ociilar jirocc'ssos, believed to ])(. 
oll’aetory in tlieir runetion. 

Tlie r{'|irodnetive organs of the, i’enuile eoiisist of an 
ovary, oviduct, a.nd ac.ccssoiy nidaiiK'ntal j^hiiid. 

'rii(‘re is no ink-baj;’, and the funnel does not form a com- 
plete tube, l)ut consists of two muscular lobes, which an- 
simply in apposition. It is the oiyiui by which swimming 
is eHe(‘t(‘d, tlu‘ animal beiui;- projudled tlnou^uh the water liv 
means of the nmction produced liy the successive jets endtt('(l 
from the fuumd. Tin; function of the chambers of tlie shell 
ai)pears to be that of reduciii;.;' the specilic L;'ra\'ity of (he 
animal to near that of the surroundin'4 water, since, they are 
prol)ably lilletl with some yas secreti‘(l by tin' animal. The 
function of the siphuncle is unknown, except in so far as it 
doubtless serv(‘s to maintain the vitality of the shell. 

Shell of the TKri;Ai:u.\Ncill.\T.v. — The shells of all the 
T'frahiHdoliitdii ayree in the followin,e,' [)oiiits — 

1. The shell is e.xtcrnal. 

2 . 'I'ln* shell is divided into a si'ries of chandlers bv ]ilale,> 
or “se]>ta,” the edees of which, where; they ajipear on the 
surface, an; termed the “sutures." 

.‘h The outermost chamber of tin; sin'll is the largest, ami 
is the oin; inhabited hy tin' animal. 

•1. Tin; various chambers of tin; sin'll are' I in ve'i se',d bv n 
tube', te'rmed the; “ siphuilch'." 

A^iveiny in all tln'se' funelaine'iital points of structiiri', iwn 
ve'iy elistine't type's ol' she'll may be elistin,e,uishe'd as eharai' 
te'l'istie, e)f the; two familie'S XaiidHihc and .'I iii iinui il iiit" 
which the (U'der Tiiruhnnirjiltihi is divide'd. 

In the^ family Ximli/uhr (li<y d l!)), the; “septa," of tlie 
she'll are sini})le', eui've'd, e)i' slightly lobe'el ; the* “ sutures "aiv 
more or less e'om|»le'te'ly plain ; anel the; “ sijihiinch' ’’ is eem 
tral, sub-ce'iitiid, or internal i/'.e., on the ronna'c side; of the 
cui vcel she'lls). 

In the; laiiiily lu/iton 1 / Ifhr (li^. 4 1!)), on the othe'r haml. 
the; se'pta aie lolded anel e'omph'X ; the siituivs are anyulatml. 
/i.y/a^U, lobed, (»!■ tbliae'.e'ous ; anel the siphuncle is exte'i iial 
(eb'., on the coiLcrx siele e»f the curvi'd she'lls). 

In be>th these gre;at ////jc.s- of she'll, a se'Hes ot ie'])re'se!ntali'''‘ 
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exists, resembling eiicli utlu'r in tlu‘, iiianner in wliicli 
tlu! sliell is i'olded or coiled, but dilleriiig in tlu-ir funda- 
iiH'iibd structuiJ'. All these dil'I'erent luriiis imiy lx; hxikeil 
Ilium as |irodiieed by tlie inudilieutiun ot a. gveally-ehingateil 



I'.iiriillh ; /i, i'l I'll I ill' ; I', I', I imi ml ill' ; r/, X, ( 'hinu'ii in ; c, c. A" <(///(( s or < litlm'i ki:,. 


'■niK', tin; stnielure of wliidi may be in (‘(Udbrmity willi tlu‘ 
ly[)e either ol' tlu; Ximtl/iihr or et the ^ \ iniiiniiHulii . 'I'lu' 


lowing table (after Wbxidward) exhibits some 
itative forms in the two families: — 

Sn lit 1/ nil' . 

of the repn;- 

. 1 iniii"ii itii!" . 

Sliell straight, 

Orlhoeeras, 

T-aeulites. 

bent on itself. 

Asccx'eras, 

Ttvehoeeras. 

curved, 

Cvrtoeeras, 

Toxixxjras. 

spiml, . 

'rroehoeer.is, . 

Turrilites. 

diseoidal, . 

( ly]‘oe(‘ras, 

( 'rioeeras. 

diseoidal and pnx 

bleed, bituites, , 

Aneyloceras. 

invobitig . 

Nautilus, . 

.Vmmoniles. 


iMs'l'UlimTioX OK TF;rUAUUAN(’llI.\TA IX 'riMK. - Kegai'ded 
■'s a, whole, the Tetrabianehiate ( 'ephalopixls 1‘orm a gioup 
''dieh early attaiiUHl its maximum, and which is now almost 
‘‘xtniet. The gri'atest (h'velopnumt, in ]»oiji( of numbers, 
took place in the l‘ala‘ozoie juniod ; and (he forms tlum ex- 
belongi;d to decidedly simjder types than those which 
b'howed them. The great(‘st nnmlx'r of ///y^e.s existed during 
^lie Mesozoic period ; and here the onhu- still maintained 
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a u'reat almiidaiice of individuals. Witli Llio uloso of llic 
Si'coiidarv upoch a laru(‘. miinlHU' of coiiiplox ty])es disiiii- 
])eaivd xvliolly, and I lia ordar was laft wit la nil any ra] U‘asau- 
lalivc in tlu' Taitiary rocks axaapt llu' sinijila, and anaiiait 
yanus 

As layai'ds the two yraal si'Clions of tlie order, tlu' Xaiili- 
Ihhv are tlu' most anaii'iit, datiin;- iliair exist aiiaa from ilic 
l.owar Silurian, if not iVoiu llic I ppar ('amlnian. Aot onlv 
is lliis tli(‘ ease, l»nt tln'V are ]»r(‘-amin(‘nt]y Pahao/oia, vaiy 
taw yT'iiai'ia ty]ias snrviviny into the ScH'ondary jiariod, ainl 
only out' into ilia Ttniiary. 'I'lu‘ Am iii(uiiH(Ui\ on tlia otliai 
liand, ar<.‘ ]!ra-aminantly Masozuia, and no iikmuIxm' of t]ii> 
yronp is known with a(‘rtainty to have snr\i\(M.l into tin 
Kainozoia, jiai'iod. Tliis < 4 i'ou]i, Inovavar, is raprasaiitiMl hy 
two aoinparativaly simj>la. tyi>as in the I’akaozoia ])a]'io(l. 
aornmanainy lliair (‘xistaiiaa IVoin the Silurian. 

In tlu^ following aiv yivan the aliaraatars and distrihulioii 
in tinu' (.4 Ilia leading hums of the Tatiahraiialiiala (’aplialo- 
})ods : — 

KAfTlI.ID.K. 

FaM. T. XaI’TII.II).!-;. — SV/a/v.s >>f fin' s/n'II Amplr ; l]n 
sijiliiim.'h ('(‘liJrnI, ,'mh-(uiil rnl, or near f/n- roiirnnfi/ oj 

(hr rurri’il slulh. 

llaaant ii'Si'aralias have* also shown tliat the (Irrrloj)iin'ih 
of tin; sliall of the. Atnif If iiltr is alfaati'd in a niannai' vaiv 
diltaraiit to that which ohtains among the. A mmoii lll(hr. In 
all those, foiiiis of the KnitfUiiln which liava hi'an axaminad 
in a snlliciaiitly early condition, oi' in sulliciinitly iiai’leii 
spaciiiiens, it a)»))aais that the (‘luhryonia shall oi' initial 
ahainliar lias the fonii of a sini]>la cone, not in any way in- 
ilatad, and not si'.paratad fi'oni the, lat(-r-forniad portion of tla 
shall liy any constriction or distinct line of daina.reatioii. 
The snrfata* of the emhryonia, shell is usually marked hy a 
network of tiansvt'rsa, and loiigitiulinal stria-, whiah mostly 
l)(a;oina ohsoh-ta, in the. adult shall. The. axtrtunity of th*' 
initial chamhar may hi; pointed, hut is more usually ohlusc 
and rounded (tig. 450, a and c); ami it also axhihits an oval 
roumhid, oi’ slit-like scar or aicati’ix, which marks the ]tlacr 
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where tlierc originally existed ;i small fissure. O])inions 
filler as to the function subserved by this primitive tissnre ; 
],ut M. llarrande tliinks it possible that it transmitted a liga- 
l)y wln(;h the young shell was temi)orarily attaclied to 
s,,iiie foreign liody. The initial element of the siphnncle is 
somewliat dilated ca'cal tube, tlic commeuceineut of which 
is atlaelied to the front wall of the initial chamber, apparently 
without entering into its cavity. Mnuier-Chalmas, however, 
lias pointed out that there exists in the interior of the initial 
chamber an organ (“ ])rosiphon ”), which seems to take the 
place of the sijduincle during early lile. 

Ill the family of the Am on tlie other hand, the 
initial iKution of the shell is an inllatnd sjdieroidal, oval, or 
pyriform body, which is termed the “ovisac” (lig. ToO, D-i;), 



ami which is separated from the lirst turn of the shell by a 
distinct constriction. The ovisac communicates vith tlu 
lirst air-chamber lyy a narrow elli])tical transverse apertuie. 
Idicre is no structure in the ovisac which corresponds with 
the, cientrix of the initial chamber ot the Nanhluhv ; and the 
elos(Ml and dilated commencement ot tlie si])huncle ])rojects 
h» sniiie distance into the cavity of the ovisac. According to 
VOL. II. 



GG 


CEPHALOrODA. 


the views of Jfarramle, the ovisac of ilie Jiinnoinfuhv is :i 
structure not represented at all in the eniluyonic shell ol the 
littvfiUda:. 

Sri 5 -FAMILV 1. NautiijuU': ]*i!()i>EU. — Eody-chainhi'r capii- 
cious ; aperture of the shell simple ; si])hunele central oi‘ in- 
ternal. The chief jj,enera of this suh-faniily are 

Tivrhitnrds, and (d/iinnt iit, of which the last tlirci' 
are exelusividy Paheo/oic, whilst tlu^ lirst ranges Ihroneh all 
the ^ireat formations from the Silurian u])war(ls, and is repre- 
sented at the ])resent day hy the Pearly Nautilus. 

Ill the gmius Xaiifl/irs (li-4 ■lol.) the shell is invohit(‘ or 
diseoidal, consistin;4- of a few whorls coiled into a Hat spiiul. 



The hody-chaiiiher is of laru;e size, and tln^ si])huncle is cen- 
tral, or iK'urly .so. The ^(mus ranges from the U])])ci 

Siluiian to the, present day, having' its maximum of develoji- 
iiKMit in the ( 'arhonil’erous jteriod. The Paheozoii-, forms (lie. 
doH) are mostly diseoidal, haviiije the wlioils iiiori' or less 
com]»lctelv ex])ose(l. Tin; ^,’iinfili. of later d(‘posits are moslly 
lik(‘ the liviiio s])ecies in havinje' each whorl oveilajipine llie 
pr(!eedin;4, so that meridy an “umhiliens” is visihle. Alaiiy 
of the (‘xtinct I'orms, ludoneine; to all aees, aeree with tin' 
livino Nautilus in havin;.,^ the surface (piiti; smooth (Lfrriiidh). 
Others, which are esjKicially chann^teristic. of the dnrassie 
rocks, have the surfac.e striated {H/ridfl). Others, chiclly 
of Cretaceims age, have the surface marked hy distinct rihs 
( llddidli). 

Ill the U})]ier Silurian and Devonian rocks Ninilill are 
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]’c\v ; ill tlic CavlHiTiiroroiis, many sjic.cies arc known ; in tlie 
J’(‘rini:in rocks and Trias arc Init lew species; Init tlie 
Juvassic mid Cretaceous rocks liave yielded a considcralde 



Fi'' K’liii CinlM.iiifii’oiis. Fi:_'. \y:..—l.ihnh^rnniii i.rnitv-. 

j.nwrr Silurian. 


miiiilior. Lastly, sevia-id Tertiary s]H‘cies are kiaiwn, all ol 
^v]licU ae'i'cc with the liviii;,;' Xin/fili/>i iiiuiijx/iii.'i in haviii;^ 
their siii't'ace conijiletely smooth. 

In tlie ;4(‘iius Lih'ifrH (li;y Tod) the sluhl is at lirst coiled 
(liscoidally, with close, or disconnected whoi'ls ; hut the last 
cliiiiiiher is ])roduced into a straiylit or sliyhtly-cnrvcMl line. 
Till' siphiinele is placed in the eenti'i' <•! the se|>ta ot tlu' 
shell, and tlu' month et" the slu‘11 is contracted and ku'vholc- 
shapi'd. All the known species of Lifnitrs are c()nlined t(» 
tile Silurian I'orination ; hut soiiu* occur in di*|)osits the. age 
III' which is prohidily Cpper ('ainhrian. 

ot the Silurian, iH^seiidiles hnt the 

termiiial produced ])ortion ol tin' sludl is short or wanting; 
while, the .Disforn'dx ot tin* same lormation, though ri'sciu- 
hliiig the preceding in shape, ])oss(.‘SS(‘S a siiu]*le a]H‘rturc. 

Tlu! genus Trovhon rus is one which was toumh'd hy i\r. 
harraude. to include c('rtain singular Silurian ( Vplialojiods in 
which the shell is doubly cnrv('d. In tlu' typical lorms 
cori‘('s])()iiding with TiirrHil('>< amongst the kIh — 

the, coils ot the shell an* in contact and ]>ass (ddiquely round 
central axis, ,so that the shell hi'cmnes turn'ted. In other 
' ascs, however, tlu'. shells are simply bent, and we bavi' an 
apliroiK'.h to the genus L/z/'/ecc/v/.s. 

In the genus Cljiinvii'w (tig. 4od) tin' sin'll is discoidal, 
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coiled into a Hat spiral, and closely resembling some of tlie 
older forms of XaiidJu!^. Tlie inner side of each wliorl is 
deeply excavated for tlie reception of the convexity of the 
internal wliorl. Tlie se])ta are simple, like those of XavtilHs, 

or a re si i gl i tly lo bed , ai i d 
the si])hiinele is 'infir- 
lud, placed on the cou- 
ca,\ e side of the whorls. 
Xunua'ous s[)(udes o! 
(’h/iin’)ti(i are known, 
all the typical forms 
ludonging to the De- 
V(»nian period ; and 
some of the I'pper l)e- 
voiiian liiiK'stones of 
(.iennany are so |)ro- 
fiiscly (diarged with 
fossils of lliis gmins 
as to Inive receivetl 
the name of “ Cly- 
nicnienkalk.” 

Ih'om th(! gemanl 
lohiilioii (if its S(>pt;i, 

H mi ll in is (dearly te 
lie apiiroximated to OmriiitHis, with wlnddi the gemis is 
sometimes ]d:ic(!d. Tin* forms with simjde sopta occur 
l>oth in the Silurian and 1 tevonian, and are ])rol)ahly hcsl. 
regarde(l as ti distinct genus — iiaimdy, Trnrhu/ifi's. Ahn in, 
again, of tin; Tertiary }H‘riod, has thick walls and a laigo 
siphumde, while the septa, liave a larg(! lateral hdac Lastly, 
(ti/roirnis, princi])ally Devonian in its range, though also 
occurring in the Silurian, may he placed here. The shell 
is in the form of a Hat spiral, hut tin*, volutions are not in 
contact, tlie si]diuncle is ]daced on tin; convex side of the 
.shell, and the septa are simple. This genus, therefore, 
resimihles the Aiiivionitidn: in the ])osition of the sijdninidc, 
hut agrees with the Nauldldo' in the po.s.se.ssion of simple 
septa. 

Sun-FAMILY 2. ()utito(ji-:i;atiI).f..— S hell straight, curved oi' 
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(liscoidal ; Lody-cliamber small ; aperture of the shell smnll, 
sometimes extremely contracted; siplmiicle complicated. The 
Orfiiocerntida: commence in the lowest Silurian de])osits, and 
attain their maximum of development in the Silurian rocks. 
The family is well reju'esimted in the Devonian and (airbon- 
iferous rocks, l)ut is much reduced in numbers in the her- 
uiians. Tlu; last ;i[)i>earau(*i; of the family is in the Iriassic 
T„cks, whi^re it is rei)reseuted by the gcuu^ra OrlJiorrras and 
Ciirtonrus. The cliiiT genera of this sub-lamily are (Mho- 
( iO)ii J*l( Cifrlocart/s, and Asdoa t 
Ill the genus Ortliovi das (lig. 4*)o) the shell is straight, the 



rrnis) cri hrhi }'di III — (Oiiciniiati Oroiiii, 
Aiiicrii'a, uf tin' iialmal si/e. 'I'lic 
lower lieiire is a secliiai slmwiiij^' llie air- 
(■liaiiihi'is, ami the I'niiri ami ]>i>siliuii of 
llw siiiliuiiele. (Alter Ihlliiios.) 


4r.ih Itestoratiou ('f CrtO-cecas 
the sliell heiii^' siii.|.osea t.' U' d'w'uM 
vertically, ami only its iipiK'i- l.art hem- 
sluiwti. ((. .Vniis : /. Mus( ular tube 
{“fmniel”) l.y wi.iel, water is expelhO 
from the maiitl< -«'liaiiilier ; r, Air eham 
hiTS ; -s SijilnuK'le. 


siyihimcle central or exceutric, often of a very complex struc- 
ture, !ind the aperture of the shell sometimes contracted. 
The Ortkodcrntd are pre-eminently iossils of the Siluiian, 
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.Devonian, and Carboniferous rocks. They are, liowevor, 
found in the rerniiaiis, and, |)assing into the i\rest)/()ic 
series, they niake thoir last appearance near the suininit of 
the Triassic rocks, 'fhc'y suiiKdinies attained an enornious 
size, occasionally exceeding six feet in length, with a diiim- 
eter of inon; than a foot. Soiiit! idea of the vast nuirihers 
of these Cejihalopods in the Paheozoic seas may he olitained 
from the statement that M. Ikirrande enumerates more than 
live hundred species as occurring in the small Silurian hasin 
of llohemia alone. The numerous species of Or/Itdiu nis iire 
divided hy the ahove-naiiied distinguished ])ala‘ontologist into 
two ])rineipal sections — tin; Slnjrt-coned Orlhoceratiles, and 
the Long-coned Orthoceratites — according as tlie slndl has 
the form of a. short ctme witli a large a[)ical angle, or of a 
prolonged cone with a small apical angle. The first of tlu‘se 
groups is a very small one, and almost all the more eomnioii 
foians come into tin; second grouj). 

The nature, of the si})huncle is very dilferejd in dil'leimit 
Oiiltuccrnh/^ and moix; or less well-marked suh-gein'ra have 
heen fonnded upon the characters of this strnetnre. In tlie 
snh-geiius Jill roiiit) the siphuncle, is of \ i'iy large siz(‘, eaeli 
joint being cylindrical below but inllati'd abovta the outer 
walls of (he siphuncle being coniKicted with an internal ceii- 
tnd tube l)y radiating phdes. In the forms traaned Ctivhlnitl 
the si[dmnele consists of a. succession of spheroidal bead-like 
joints. Li the sub-genus Kndurn-ds the si|ihiineh; is very 
large, marginal, excentric, or central, and it is partitioned off 
by funmd-shajx'd dia])liragms. There is, however, eonsidia- 
alde <lillerence of opinion as to tlie, true nature of tlie si- 
})huncle in this sub-genus. In I'lrfan r/ts there is a manly 
central si|)huncle, lint the u]iperniost se])ta are travmsed hy 
a deep lateral cavity, which communicates above with the 
body-ehamber. The genus is T.ower Silurian. Lastly, in 
the sub-genus (Jo/iionrtts the trans\erse. section of the shell 
is flattened, and the sutures are undulated. 

The genus ([ifrfnrcraa (lig. 457) very closely resemhles 
OiiJiorcras, but the shell is curved instead of being straight, 
and the siphuncle is either suh-central, or is more commonly 
irUenud — in., on the concave side of the shell. Cijiiuccra^ 
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lias about tlic same vertical range as Orthocems, ranging from 
tlie Silurian tlirougli all tlie i‘alieozoic formations, ami dis- 
ajtpearing in tlie Trias. The genus is 
cliaracteristically Silurian, and llar- 
raucle lias doscrihed nearly two hundred 
and fifty species from rocks of this age 
in Holicmia. 

Ill tlie genus rkmgmoa’ms (fig. 458) 
the slicll is curvcil, and its a)H‘rture is 
euiitracted in the most e.\.traordiiiary 
inauiu'r in the middle, so as to assume 
soinowhat of the sha])e of a keyhole. 

The sijiliuncle in the majority of eases 
is ]ilac(‘d upon the concave sidi'. of the 
shell. In other cases, the ventral side p,., 7, 

cf the ]\lollusc corresponds with the con- 

■ I 1-1 r,^^ • . f’lainaii. 

vex side ol the sliell. Ihe sjiecies ot 
J'linfi/iniKrj'an are Silurian and Devonian, mainly the former; 
iiiul i\r. Ihirrande (mumerates thirty-eight s])ecios as occurring 
in the Silurian hasin of llohemia. 



I ig. i'>i^r-l1uv<jiuu,xnis{Ciinii,,i!it,s) rniti inwi^. Ci-pt-r Sihiriaii. Tin- ig'lif Iiaml 
shows the fonn of thr al'i ituiv. 

In the genus Goiiiphoccni.'i the shell (fig. 4 ( 50 , A and n) is 
f'piudle-shiiped, or giohnlar, ta|)ering towards its ajx'x. The 
npeiture is contracted in the middle, like that of Plmvi- 
imd the siphuncle is generally siih-central. In most 
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cases the ventral side of the shell is relatively the most 
convex, hut the reverse of this sometimes occurs. Tlic 
species of Gomphoccras range from the Silurian to the Ciir- 
honiferons, but belong mainly to the former. ]\1. IJarraiKh 
enumerates no less than seventy-three species as occurring in 
the Silurian rocks of Bohemia. 

The genus Jsrornrf,'; (lig. 450) com])riscs some singiilai 
forms in which the shell is globular or ilask-shapcd, and tin; 

septa do not run at riglil, 
angles to the axis of the shell, 
but nearly ])arallel witli it, 
being at the same time cui vcd 
in an extraordinary mannei, 
so tliat tlie body-chamber is 
]»rolonged downw.ards on oiir 
side almost to the 1)ott(»m d 
the shell. The {dr-chamhei' 
also are resliict(*d to a, portimi 
only of the shell. In 

again, ihe, aii'-ehaiidn'r' 
are not pia'.sislmit. both tlioc 
genera are exclnsi\ely coii- 
Jined to the Silurian rock^. 
abounding (ddelly in the iip- 
](er division of the series. 

Numerous otluu’ generic and 
sub-generic tv])es are. included 
under the Orfhorrrol ufo', at 
which tin; following deserw; a 
p;issing mention. In the Silurian genus (A/rtorrrina (lig 
4()(), e) the shell is curved, and has the general sha])C at 
Cjirfoirras, but it is much more broadly conical, and tlu^ si- 
phuncle is of large size; and ]>laced on the dorsal side. i\c//e 
occras, also Silurian, has a nautiloid sludl, with simple sepia, 
and likewise a dorsal sijdiuncle. Jkthmoemts, from the same 
formation, has the si])huncle com|)osed of a series of funuel- 
sha])ed tub(?s, which fit into om; another, their narrav 
extremities being directed upwards. Lastly, Aulncorrro'' 
resembles OrUioccras in general form, but the shell is thick. 



I.uwtM Silimaii. 
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loii"itu(liually-ri<lgotl, with two deep lateral furrows, and tlu^ 
sipluiucle is marginal and situated on the dorsal side of tlic. 



sIk'II. T1u‘ genus is only known as oet urriiig in tlie Trias- 
sic formation. 


Ammoxitid.i:. 

FA-M. 11, AaimoNITIOJ:. — HhcU Jismith/j, nii'i-cd, spirtfj, or 
slriiiijlil ■ hod ji-rlia iithi r (/oio/t(frd ; sidarr^i rnofididi'd, fohrd, or 
Joloowijs; rijdnnirlt’ r.'trr/ud or dorrrd, oil fJir voncor sidr of 
duw.arct'd .dic/lr. A'lohr/joiilr . doll iii ilio forui of o Kido roidof 
sriiarolcd J'roin fhr jirst o ir-rhonihrr hi/ o disfiiicl rondrh - 

ItUll. 

The chief ])oiiit hy Avhich the Aininonifidio are distin- 
guished from the Noiddidcr is tlie nature of the septa he- 
twe(‘u the air-chambers. The latter have se])ta which are 
i^iiiiply curveil, and which consecpiently oxhihit plain or 
"^'ury slightly lobed edges or sutures. In the Aiiiinoni(ido\ 
‘•u the other hand, the septa are “ nearly Hat in the middle, 
‘'i>d lolded round the c<lge (like a, shirt-frill), xvhere they 
abut against the outer shell - wall ” (Woodward). The 
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result of tills is Hint the “ sutures ” or edges of tlic septa 
appear on tlie surface of tlie sliell in tlie form of angulated, 
loiieil, or foliaei'ous lines (iig. 4() 1). 

Tlu^ angulated or digitaUMl portions of tlie suture wliidi 
are directed inwards, away from tlie mouth of the sludl, ;iiv 
called the “ AAs.” The elevations hetween the “ lobes,'’ 
which point towards the mouth of tlie shell, are called the 
“ These parts have the following arrangeniciir 

(tig. 401): Tn tlu' middle of the back or convex surfaec cf 
the slicll, travi'rsed by tin* si[ihuncle, is a single unpaivoil 
lolie which is ternual the “ dorsal lobe”(l»). d'he lobi*, mi 
each side of this is (lu; “lateral-superior” lobe (n). The lolni 
]iext to this again is the “ lateral -inferior ” lolie (u) ; ami 
the lobes whicb follow this (of a varialile nunilier) are tli(‘ 
“aaixiliary” lobes (a\ a'). I^astly, there is a 

second unpairiMl lobe immediately op]iosite to the dorsal 
lobe, plac.ed upon the coneaxa* side of the sludl, and ti'i'iiud 
tbe “ventral” loluc Tlie “ saddh's ” are similarly siili- 



divided, 75etwc(*n the dorsal and lateral - superior lobo^ 
comes the “dorsal saddle” (sii). Tsbext to this, betwt'Cii 
the sujKirior-lateral and inferior-lateral lobes, is placed the 
“lateral saddle” (sl) on each 'side ; .and this is followed 
by a variable number of “auxiliary saddles” (s^, s^, s^). 

The a.])mTure of the shell in the Aiii iiioiiitlda' is coiH' 
monly furnished with lateral jirocesses of greater or less 
length ; and in some, if not in all cases, it was further ]'i’e' 
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U'ctcd by a, boriiy or sliolly o])erculuin. Somotimes the 
ojicivuluiii consists of ii single pioc.o : Imt in otluT c;i,s(‘s it is 
divided into two syniinctrical halves by a straight rnedian 
future. The oy)e]'cula of this latUn* kind wen', originally 
ilcsci'ihcd as se})arate fossils, under the name of TriijonrllilrH. 
Asr(‘g:irds the general distrilnition in time of the ^l/z/y/noi- 
the earliest-known forms of the group apyju'ar in tln^ 
Siluriaii rocks, the genns Bud r ilea in the I.ower Silurian, 
and (hriiuitifcs in tiui I’typer Silurian. No otlier raheozoie 
tv|ies of the group are known, (‘xce])t a lew recently dis- 
covcnM.l stK'{;ies Ai/nito/iitrs in tin; t’arhoniferous rocks of 
India ; hut with the eommencenu'nt of tlu'. IMesozoic })eriod 
licgins an era in which an enormous develojuneut of the Avi- 
'iiKiiiit iihiAook ]dac(!. d’lu'. genus CV/'e/Z/cx is characteristically 
Tiiassic. The Jurassic rocks are chietly distinguislu;d by 
species of the genus AnnnonHcH itsi'lf, though other geiuu'ic 
types are not wanting. Lastly, in the (dretaceous rocks we, 
liiid, along witli A iiuiioiiKcs ]H'o[)er, several remarkable forms, 
such as Turrililrs, /Arid if cs, Iftanitcx, Satphifes, and Pliirho- 
nniH. With the (dose of tln^ Chutaceous jx'riod the Aininoii- 
'd 1 ( 1 ( 1 .: disappeared altogether, and no exam^de of this large 
and varied laniily h.as as y(.‘t been deti'cted in d('])osits of 
uiidouhted Tertiary date, or is known to exist in Itecc'iit 
i^ens. It sbould be added, however, that Ammonites occur 
^1' eertniii deposits in Noilh America which are lielieved 
h}' SOUK! geologists to be of J.ower Tertiary age. 

(dl-NEKA OK A.MMOXITltnE. 

Iho genus fooo'o/ZA.s’ (lig, 452) eom])rises ancii'ut Ibinis 
the Aiiniwnlfida:^ in which the shell is discoidal ; the 
^iduies aiH! simply-lobed or angulated ; and the siphnm le 
I'’ dorsal. The earliest-known forms of this gi'iius are found 
I'l the V|)per Silurian roedvs, the last in the Trias, and tlu* 
most ill the (airboniferous. 

llie genus Badrites com]»rises forms quite similar to 
(except that the shell, instead of being rolled u}), 
^^^‘^ight. The genus rrprmnfs Orihormis, from which it 
' in the possession of lohed se})ta and in the position of 
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tlio siljliuncle. The hnowii species range from the Lo^vi 
Silurian to tlic ])cvoiiiaii. 

Goninliles and Jldctrifcs are sonudimes raised to the Viiii 
of a^ distinct sid»-faniily (J^imalitida^, and many paheontol 
gists place Cli/iiicnia along with tlici 
— As rc'gards its dcveh)])nieiit, Onjiiiifii 

is .shown to belong to the Amvin 
Hida' l»y its i)Ossession of an inllat 
“ovisac” or embryonic shell (srr i 
d.GO), but its sim])ly-lobed se])ta se]i; 
ate it from the true Jmvionlfrs, 
which it is an anehait and coni])ai 
tivcly simple representative. 





The genus CmiiiM (fig. 4G3) comprises forms wliicli iv 
sernble Guvifttiks in having a discoidal shell, the coils " 
which lie in one ])lane and are contiguous. It is distm 
guisluid, however, from Gonwtiks on tlie one hand i>"' 
Aramjmifrs on the other, 1)y ha,ving the “lobes” of tJi 
suture denticulated or crenulated, wliilst the “ saddles ” 
simply rouinhul The sjxicies of Gemtiks are ty])i'‘>^ 
Triassic, the best -known form being the C. nodosns of 
Miischelkalk. Some s])ecics, howi-ve.r, occur in the Crct'i 
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b‘uus rocks, tliongli no member of tlie geiiiis has as yet l)een 
det('ct(!<l in the intervening^ Jurassic deposits. 

The coni])rehensive 


genus Animo iiiteH 
cttinjaises by far the 
gT(‘aLer nuniber of tlie 
Jill Hunt if. Ida:, se.veral 
liiimlred species Itein.e; 
ali'Ciuly known. Tin; 
shell ill Amm, (miles is 
sjiinilly rolled up into 
a Hilt spiral, all the 
vulnlioiis of which are 
contiguous (figs. 4G4- 




4 til,)). Tlie innermost Musciidk;.ik 

Trias). 

whorls of the shell 

.mi more or less coneealed ; tlie se])l;i are undulated ; 
the sutures are lolied, ibliaceous, or raniilied ; and the 
siplmnele is dorsal. The specit'S of the genus Anuium- 
ifm range from the Trias to the (.'lialk, and are thus 
jxchisively confined to the Secomhiry ju-riod. (It shoiihl 



I'i^ aU.— lliiuijihirManv-i. InlViinr Oolite. 


'j' I'eiueiiihered, liowever, as before said, tliat species of 
^ iiTc t\n\m\ in North America in beds which 

^niic helieve to belong to the Eocene Tertiary.) Within 
limits, each rock -group is cliaructerised by i>artic- 
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)ilav siiecios, llio immlwr of iiulivi'-lunls i.fteii very 

..rent nn.l the size wliieli is sonietiiues nttiumul l.enie iietle 
he. short of ijiitixntie. I" the .lurnssic rocks piirticilni 
species of are nssociale.l with i-articulnr o,,,,,,. 



(»f i'c-fsils at (l(-riiiite liorizoiis ; and it is tlnis ])o.ssil)lc in 
(Iislini4'iiisli a certain nnndx'r of zones, eacli es}i('e,ially eitav- 
aeteri.st'd liy a ])artienlar Annnoiiite. Some of these zoiii‘< 
ai'o very persistent and extend over very wide aixais, 
affoi'dino valuafde, aid to the yeolo,i>ist in his d('t(‘rniinatii)ii 
of roeks, Jt is to be i'enH‘inhere(], liowever, tliat there aiv 


4 



otlmr H])eeie.s whif'li are not tlins rf'sti'ieti'd in tlieir vei'ti<'al 
raiiye, (“Veii in the, same formations in which delinitii zones 
oeenr. 

dhe iiiindnn’ of sptteies ineliided under the oeiieral name 
is so large, tlnit it is alisolutely neeessajy le 
lireak np the genus in some manner or anotlier, find various 
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modes of siiltdivisiou have been adopted by dinerent ])al:e- 
( 11110100 ists. In one .system, tlie princi[ial (diaractei' ndied 



FIl;. K'jS. — AfiiiUiiiiitrs iiiiirijKi-itiihi:;. Liarf. Fiu'. 4''’'.F — .lOi hAithnin :^ Lia,'.. 


ii])oii is tlie tonn of tlie dorsal .side* or convex niaiyin of tie' 
shell, and in accoi’danee with (bis tlu^ oenus may lie divided 
into the Iblluwing groups (rietel) 


Sec’I’Ion a. lltirJ: v'illt an »/////•< /.>■</. 

1 . Aru'tcti . . . Lower Oolites. — Kx. A. hisnlcalus. 

2. hahnjvri . , Lower Oolites. - Ex. A. ser|ieiitiino. 

3. . . . Ci'etaeeous.— 7v'.'’. A. iiill.ilus. 

Section H. J!acl: rroiatnl nr lain rriilati <h 
Ainnifhr} Oolites. — /;,'. A. eordalu.^. 


0, Ealcla III or nsi s . . (Jrelaeeous.-- /;,■. .V. crenalii-, 

SecTFON ( ’. I >a(’l,' rout ja't rri il aud rharp. 

('htjh'iforiiil (i)Y El.-o-i) . . , Oolites.— A. di>eiis. 


Sl'iCTloN I). Earl: rliaii III Hill. 


7. 

Ihnfafi . . , 

Oolitic and Cri'taeeoiis.— /;,'. A. .la.-on. 

,s. 

Eiinnuifl 

Tria.s.— /;,'. A. Aon. 



Section E. Jlarl: npiarnL 

!). 

ElrX)losi . . 

(h'ftaceoiis. — Ex. A. railiatii^. 

10. 

(^anqin .'y.si . 

Orelaia'oiis. — Ex. A. Leanniiinlianus. 

11. 

Ariiaili . 

Oolitic. — Ex. A. ]H‘r;irniatns. 

12. 

A nipdixiistali . 

Oolitic, ami Oivlaceou.-^.— 7;.c. A. Milleliaiiu 



Section E. Earl: rovml. 

13. 

Caprixnnii . . 

Lias. — Kx. A. planico.statns. 

M. 

Hi irrnpliylli . 

Oolitic. Ex. A. lieteropliyllus. 

IT). 

Ii'i'iail . . . 

Oretaceons.— Ex. A. ^layorianns. 

Ki. 

Elannlati . . 

Oolitic. A. annnlatiis. 
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1 /. Coronnti . . Oolitic. — Ex. A. Humpliresianus, 

IS. Mamtcxfihali . Oolitic and Civtaccou.s. — Ex. A. inicrostonia 
10. (Ilulmi. . . . Trias.— Ex. A. [,dol)ns, 

"lo. I< iiiihnali . . Jurassic and ret accoiis, — Ex. A. sul){i]id)rialns 


Till' more imuleni iiml mon^ o^.,ierM,lly aceepted siili(li\i. 
sums of A 1,1 iiiuiii/c.^ are foiinded ]irinei)(idly ii))oii dillereiins 
111 tlio fonii of tlie liody-clmiiilier, (lie sliape of (lie apierliia 
of (lie sliell, and (lie presence or alisence of (lie strin'lin,. 
rvliieli will 1,1- inniiedia(ely descrilieil ns (lie 
pelli,-r willi (lie eliiiraiders of (Ids oroan when ], resent. ’ 
regards (he lirst of these features, the leiipth of the hiuh- 
ehaiiihcr is very variahle in dilli-reiit forms of o/i, 

and tins viiriahility must have heen correlated with con,, 
spoiidiiip important dilfcreiices in the orpani.satioii of lli, 
aiiinial itself In a. yreat niany forms, es],'eci,illy (hose from 
the .Tnrassir and (.'ivlaceoiis forninlioiis, the hody-ehaiiiher i, 
eoiiii.aradvely Ion- varyiii,- from half a whorl to two-(liir,h 
of a whorl, or ivachin- a whole whorl or more in leii-lli 
ill other lorms. however, (he chamher of habitation is w-vv 


^ ^ v.rw. LIIC l.S JlkOWlSO V(‘]V 

wmii df. Ill ninny forni.s tliem k a (.•oii.strictiou of tlio .slicl! 
.iiist heiiiml the api-rtnre; and the transverse siilei, with iiili-i- 
vc.imp ribs, wliiel, eios.s (he shell of many species, are siiiiih 
lem.iiiis o| tliei'oiislrii-lions niarkin- the position of the api i- 
inre at loriin-r periods of growth. In other cases, the a|i,-i- 
yio ol the shell is fiirnislied with larper or smaller proloir-a. 
ions or processe.s, wliieli may he .silnated on the .sides ot tl,e 

"'""III, or on ils upper aspect, or, rarely, helmv, 

die ly pioeess exists mion the upper side of the aperture, ii 
"o lably .yves, a-i slippo.sed by Mr .1, F. Jlhike, to prole,:! 

" I"""" ; blit the ol,|ect of the niiicli commoner latei;,l 
'""-y (ii-s seen in A, if, 4,;,;), ami of tl,,' 
"".■U.c^lmn.mnst b,;m„rded„s 

hastl.w we have hrielly to eonsiiler the nature and ,,i„h- 
" ""tion ol the extraordinary or-an known as lia- 

or 01 ,1 1 -' f ‘‘‘ '0 

. l>.ite, \ihich has emnmonly been fonml jn.st oiitsi,!,- 
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tin! aperture of the Ammonites, or wliicli may occur in de- 
posits wliicli contain AmmoniU'S. Wlien tlie Aptyclins is cal- 
careous, it consists of two shelly ])lates, divided by a median 
suture (lii]^. 470), smooth or variously vsculi)tiired on one side, 
and marked internally hy concentric 
lines of growth. Apfi/iM of this nature 
luive heen described as distinct fossils 
uiuh'.r the name of Tfiyo/uHUcs. In 
oilier cas(!S, the Apfi/chi(s is of a cor- 
neous consistence, and it is then in the 
form of an undivided idate. Aphfchl 
of this kind are known by the general 
name of A iKcpI i/chns. What may he tlie 
])recise nature of these extraordinary 
structures has been a matter of much 
dispute. Tliey have heen su]»posed to 
be Crustaceous and allied to tlu; recent 
llarnach'S ; hut there can no longer he any doulit as to 
their truly ladonging to tlui Ammonites, with which they 
are associated. Admitting tliis connection, the two prinei]»al 
tlieorii's as to the nature and functions of the Apt nth 
would regard this structure either as being an ojur- 
nilidii, similar to that of tlie (lasterot»ods, or as forming 
a jirotective jilate to tlie nidamental gland. Thii gmieral 
view, pcirhaiis, is that it is an o])erculuni, though there are 
consi(lerahh‘ ditliculties in the way of an unconditional 
acceptance of tliis opinion. AVithout entering further into 
these, we must not omit to notice the im]»(>rta.nt fact that 
the iheory that the Apfi/rhi/s is a ])rotecti\e ]date developed 
iu the walls of the nidaimuital gland, of necessity carries 
with it the conclusion that all examples of AutiHouitvs pos- 
sessing this structure must he fniiaU's. We must also not 
I'U’get that many Ammonites have never been shown to he 
acconijianied by any structun's of the nature of tlie Apf>ichtis, 
and may therefore fairly be judged not to have tiossessed 
one. 

It would occupy too much space here to miter at any 
length into the subdivisions of the genus Ammoniks which 
are hasiid upon the considerations above mentioned, and 

VOL. It. F 



<liviilt‘il Aiiliirhiai ('rriijintil- 
lit,, or :in' .\iJi- 

iiioiiitc. .Tiini.ssic. (Alter 
Woudwanl.) 
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Avliicli nre now goiiorally accepted ; and it is tlie less neces- 
sary to do so, as it must l)e admitted tliat it is genernllv 
ini])OSsil)le to refer particnla.!' s])eciniens to these sections, 
unless tliey arc' in a state of nnnsnally complete ])res{'rv;i 
tion, or mdess the ohserver lx; ])rovided witli a vei'y ('xten- 
sive snifc of examples of a given form. It may lie of value, 
however, to reitroduee the classilii’atorv table of the sections 
of adopted hy 1\1. K. Favi't^ (se(> Hull, dc h Sor. 

(h'ol. dr Fr(nir<\ sei‘. ‘h vol. i. ]>. do,‘I) : — 


SUltDIVISIOXS OF AMMONITES, 


Skvtion I,-— No APTYcm s. 


(t. Ilo'ly-eliarnbor sliurt ; the npjier sidenf) 

the aperture ]>roli)n!,,fe<l. \ 

li. Bo(lv-(‘liaial)f*r sleet ; the aperture prt»- ) 

l()n,^e(] below. 

r. Chaiiiber very lone;, exteieliiiv over (tie* } 
and a hall' In two whorls. i 

<f. Body - chanilK'r short ; niaiviii of ap- \ 
erture faleil'orrii ; looiith prolonevd f 
above ; oriiaiiients of the sledl like t 
those of the ,\roonaiit. ) 


Trias to C'reiaeeoiis. 
Lyliit'i rnii. 

'Frias to ( 'ix'taeeoiis. 

Trias. 

I'uKu'in'ri'toi, 'Frias. 

Tntdnji'i r(r<. 
'Frias. 


Skction 11.-- Ax AcTYdo s eiii:si:NT. 


,1. Tin’ Apfjl'hr.-^roniinii.-iiinil )iii(hriiJiil (,1 


(I. r.oily-ehandirr exteielino ovt-r oie- whoil > 
and a half or two whorls. 'Fhe upper f 
inar;.;iii of the aperture jii'idonyezl into t 
!i point. ' 

h. l.>ody-i hani))er extending,' over two-thirds j 
of a wlioil or one whorl ; the u]»])er^ 
margin of the aperture prolon,L;ed into I 
a roiiieled extension. 1 

r. ]’>ody-ehamber shoil, extendin,^ over oie*- \ 
half or two-thirds of a wlioi l ; the np- f 
]ier margin ol the aperture prctlonevd ( 
ore.'itly. ; 


A,dtilr., fWaa.oeir. 
'Fiia>sie and Jurassic 


. (Waayeii i. 

'Friassie. and ,1 iiras.-ie. 


A HI (I I III r 

Triassie to ( 'relaeeoii-. 


(il, d he Ajihirliii.'f in one ]»ieee but ealeaieous ; shell unknown. Aj><>r 
rhiis XniHtilii. (h’elaeeous. ) 


I'. A)if Ill'll rdJi'iirroHn, of hm jurns: 

It. 'Fhe Ajifiirhiis furrowed exteiaudlv. 



GENEllA OF AMMONITID.E, 


83 


1. A thin ; l) 0 (ly-cli:iinl)er short; 

jil)ritun‘ with a lalcitorm margin 
]iroloiig('(] ahovo into a point. 

2. Aptiirhns thick ; l«Hly - cliainhcr \ 

slioit, witli a falciform margin, ( Op))dia. 

prolonged above into a rounded i Jurassic, and Cretaceous. 
a]ipendag(‘. ) 

:b llody-chamber short; a groove or 

dilatation m‘ar the apei-tun* ; the f Jftiplocmts. 

ajierture with lal<*ral and sii]ierioi' t Jurassic and Cretaceous, 
e.xteusions, the latter rounded. ) 

Ik .jp///c/o/.s' thin ; granulatecl e.vternally. 

1. body - chamber long; the mouth) Sfi’phn)iorfni:i. 

simple, oi- with lateral (‘xtensions. ) Jurassic and Ci’etaceous. 

2. body-chamber long; the aj»erture 

consti icte(l by a furrow, or fur- 
uislied with lateral extensions. 


J^rrispliinrh 

Jurassic, ami ( 'retaceoiis. 


Ifarpaaraii. 

Jurassic, 


PdtiMrrcs. Jurassic. 


4. body-chamber shoit ; the ajicrtun* 
simple or piovided with lateral 
extensions, 

c. thick, smooth, and externally punctate, 

1, body-( hamber hmg ; a large urn- ' 

bilicns ; the shell funowed ; the f ShiowaKis. 

margin of the ajaature with at Tithonic. 

]iointe(l upjier prolongation. ' 

2. body-( hamber short ; the margin ^ .l.spoAavra.s, 

of the aperture generally simple, i Jurassic and Ctxdaceous. 


((isiihH'i’ra.'!. 

Jurassic. 


I.eaviiig tli(‘ oi-(>ai gonns A m inonilrH, wa* have; a iiuinlter of 
iiioi'(‘ or loss (dosedy alli(‘(l ty])o.s to oou.'sidor, (d‘ wdiioh onlv 
tii(‘ iiioiv iiii]Hjrtant oiio.s can l»o allndod to lionx 

111 file o(.inis Cnon’nfs (lig. 473 , </) ai'o iiudiidod forms 
whi(di rosomlib' tin' Ammoiiiti's in all (‘s.soiitial oliaraotors, 
I'lK ill wlii(di tlio vidutions ol tin* slndl arc. not {‘ontigiions. 
Ilia slndl, (lioroforo, is discoidal, with sojiarati* whorls, finis 
aniTospoiidiiio- xvith amongst tho sori(*.s of tho 

All tho known s|)ooi(*.s ol fb'/orv/ves holong to 
tho Crotma'oiis period, rangiing from tin* Lowi'r (iroonsaiid to 
^hoCaiilt. 

^Voo'/.s7orc/a/.s-, of tho Trias. r('S(*inhlos Criixrnr.-; in sha])o, 
hut tho s(*|)ta and sntnros have tho form oharaotc-ristio of 

Ill tho gonns IWocrraii tho shell is .simply arcnalo, or hont 
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like fi horn, and is never spirally rolled up ; so tliat l.lii^^ 
L'enns represents (.'i/rtoirrmi in the series ul' tlie Nitiililiihr 
Tile species of Tmvnrm riinoe I'roin tlie Lowei- Oolites to tlir 
toinlt, lint the genus is eharacteristically Cretneeoiis. 

In the genns Anqilnirnia (lig, 4'71)'tlie sliell at first re- 



semhles tliat of Crivn-m.'i, consisting of seieral volutions 
winch are coiled into a Hat spiral, Imt wliidi ,are not in 
contact with one another. The shell diffors fioin Crmmv,. 
liowcver, in the fact that the last voliilion is ]irodiu'ed at ii 
tangent, and is ultiiiiately Ixait hack in the I'oriii of a crosier 
The s]iectes of J,in/I„,rriis are diirassii' and t'letaeeoiis, rang- 
ing troiii the Inferior Oolite to the Chalk. 

Ill the genus (lig. 478, c) the shell reseiiililcs 

that ot in consisting of a series of voliitiinis coilcl 

into a Hat sinral, and having the last volution (11.^1011011 from 

t ic others, ],rodiieeil, and ultimately bent hack in the form 

a ciosici. Si/ijiln/i's dilfers Ironi vt/ev/Zoiv/vov in the lari 
t lat the voliitioii.s of the enrolled jiart of (he shell are in 
contact, instead of being separate as they are in the latter. 

lie iirodiiced whorl, also, is rarely of any great Ici.gtlr 
hnt IS .speedily bent hack upon itself. All the species of 
Diiigiiig from the laiwer Oreeiisaml 


In the genus Ifdmmnix the shell is eoiled into a liirretcil 
spiial, the vohitioiis of which are not contigimii.s. The sh.H 
IS also lea-handed or “ .siiiistral.” With the e.veeiition of ii 
■snigle species from tlie Inferior Oolite, all the species of 
Hchocra, belong to the (.'retaceon.s period 

In the genus Turnlilc, the shell agrees with that ol’ tlm 
ineceting in being compo.sed of volutioiis whieh pa.ss oh- 
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reseinldc'S Tarrllitcs in slKi|)e, Put tlie sutiin's an; siinplv 
lubed and .are not foliaceous. 

Jn tile <;enns Hamiks (lii;’. 47M, /) tla; .slu'll is an o.\. 
treinely-elongated eone, whieli is bent upon itself more than 
uii(;e, in a liook-lilce nianiu'r, .all the volutions beiuo sejiarata. 
N'umerous sjieeies Jfmnitcs are known, all of tlami bia'ii^ 
Cretaceous, and ran^in*^- from tla; Lower (livensand to tlir 
(Hialk, IfaiiuditKf, of tlie Cnftiieeoiis, lias the shell bent oiirc 
u])on itself, as in r/j/rJiorrnfs, hiil the relleeied jioilions of the 
shell are not in contact witb one another. 

Ill the _ymims J^ff/rhorcnts (lip-. 47-’!, a) the shell is also a 
much-elonpated com', whieb is simply bent upon itself mar, 
the two straight jiortions of tlu* shell being in eontaet. The 
range of this genus is the same as that of Ho/iilfcs, extmidiii^ 
from the l.ower (lieensand to the Chalk. 

Lastly, in the genus Jhu’nUhs (lig. 4 To, 1> and r) the shell 
is simply a straight elongated cone, not bent in anv wav, 
Bondifvs corresponds, thm-elbre, witb (hlliunnis in the soiie.'; 
of the Bdiddidif. The range (*f Baiidi/rs is the same as that 
of th(! |)reeeding — from the Lowei- Creeiisaiid to Ihe Chalk: 
lait the genus is most ahiindant in the Chalk itsell'. 



87 


CUAPTRR XXVJII. 

DIiniAXClILiTK ( •KPllALOrODH. 

TiiK Dibrancliiatc. ( V'ji]ial(i])0(|s or Ciittlo-lislies an; cliaracter- 
is(Hl as lieiiiLJ //#// n fd iitosl mca rinhlii nalciJ, 

iwrct' nun'C Uudi i ujlit m' tat ii'liich <//'<' a! ii'(( jj-'i pi'Oi (did 

I ir'idi siii‘Lrr.'<. T/itir <irr hnt hni iirli l(r, irjidh inr fn/'iitslicd 
ii'KIi lu'uitdmd In'd/'fs; an nili-sdc v.s‘ (dii'(/ifs j)r<S(‘ii( ; llK jidi- 
nd VS' (f tid)(\ uinl the dull is inh rind, or, if rr tn'iud, 

IS not vhinidH'i'i'd . 

The ( hUtle-lishes are ia]>aciou.s and aelive aidnials, swiiii- 
iiiiiiL; tVeely by means of the jet of water expelled iroiii tlie 
funnel. The arms constitute powerful offensive weapons, 
Uuny exec'ssively Itmacious in their bold, and beiny some- 
times ])rovid(‘d with a sliar]* claw in tlu^ e(‘iitre ol luieh 
sucker. 'I'liey are mostly nocturnal or crc'puscular animals, 
mid they sometimes attain to a oreat size. They may be, 
divitled into two sections, (IrlopodK and Ihrupodn, aecordiiiL!, 
as tliey have simjdy eii^ht arms, or ciylit arms ami two addi- 
tional “ tentacles.” 

The parts of a J Abranchiate (Vjdialopod which may hv 
preserved in a fossil condition are the mandibles, the ink- 
siie, the shell (if such bii ]»resenl), and the internal skideton. 
The oeciurrence of the ink-sacs of I )ibranchiate ( T‘])halo})ods 
ia a fossil state has been already sjiokeii of ()>. ob), and 
aeed not be further noticed here. An external shell is 
present only in the Arj.^uuiaut amongst living Cnttle-lishes, 
and similar structures are of rare occurrence as iossils in 
iconic of the youngest })ortions of the earth’s crust, d he 



S8 


DIBIIANCIIIATE CEPHA LOPODS. 


iiiteniiil skeleton of tlio Cnttle-fislies differs very nmcli in its 
eliariictera in dilferent cases. In tlie (Jtdainiiries the skeleloii 
is in the lorin of a horny “ pen,” con.sistinv of a median shaft 
and of two lateral exiiansions or \vin"s (liL;. 447, h). In flu. 

(tig. 447, o) the skeleton has the form of a hroaif 
laminated, caleareons plate, liaving a more or less perl'celh 
cliambered .ajte.x or “ nmcro.” In the sinoular ,S'/iiriil(i 
447, (• and d) the skeleton has the form of a cditindjered tiiln' 
coded into a .spiral, tlie coils (jf which are separate from oiii. 
iinother. Lti.stly, in llitt extiiret family of lint II, Ian „ Hi, hr, 
there was a eom|dieiited internal sn|(i)or(. It is, then, ehiellv 
trom the |)reservat ion of their internal skeletons that llif 
Dilmmchiate Ce|)haloiiods are known to have existed in pa.sl 
periods of the earth s history. In addition, however, to the 
skeleton and inkdiag eases are not alto-ether mdrnown in 
which the hooks of the suckers, and even the outlines of the 
anus and body, have been jire.served in a fossil eondiliim. 

As regirds their general distribution in time, the record of 
the Idbranidiiate ( 'e|,lialo|iods Is mneh le.ss complete than tlinl 
ol the T,ii;ih,ri„rlii„l„. ]„ the vast series id' the I'aheozoic 
formal ions no trace has ever been disem ered of the exislencc 
of any member of this order. , 'Shortly after flu' commence- 
ment of the .Mesozoic, period a|ipear the first lli.'leiimiles ; and 
ait the Secondary formations .aft, a- the oldest Uami with the 
i';'mam.s of this family of the Mmnuhiat,,. 11, mains of tl„‘ 
living Immlies of the 7’, »//„,/„• and are also net 

unknown m the Mesozoic rocks, bnt it is only rei-ently that 
any trace of the great group of the /!,-l,;i,,i'ill,/,r has bivii 
detect, ,d in Tertiary ,i,-posil.s. I'pon tlie wliol,., the or, I, a 
must lie regard,.,! as having attain,.,! its niaximnm at the 
priisent ilay. In Uie following arc giv,.n the eharact,.|S. 
c lie genera, and illstribiition in time of the families of the 
lnl)r;incliiak* (’(‘iilialopod.s. 

SiAeiiox A. Of.iriporiA. Tlie Ceplialojioda coni])rised in 
this .section are disling, lislied by the pos.seasion of ei-ht anus, 

will, 1 are provi,le,l with ses.sile snekers. The boily is 

an, bnrsilorm, onlinarily without fins. The shell is internal 
an. Ill, inrentaiy, in cm,, instance only (Aigonant) external. 

1. A,„.ai.NAUT,n,,.:._J.emale provi,led with a delicate. 
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svin metrical, involuted sludl (fig. -l-Vd), wliicli is S(*creted By 
the wel)bed extremities of tlie two dorsal ai-ms, and is not 


nttaclied in any way to 
the body of tin', animal. 

]\[ale mueli smaller tlian 
the female, sIh‘11 - less. 

This family includes only 
tlui single genus Anjn- 
innifii. (tiui lhi])er Nauti- 
lus). ()n(^ or two s])e(h(‘s 
of Argonaut have been 
discovered in tlie I Mio- 
cene Tertiary. 

Fam 2. OcToroDiD.i:. 

— Sludl intmaial, rudi- 
iTK'ntary, represenbal by 
two short styles encysted 
ill tlie substance of the 
miiiith'. This family in- 
cliah's tlie living Foul])es 
and their allies, but has 
no fossil representiitives. 

Skction 1). DKlWrODA. 

— The (Tittle - fishes of 
this Section have eight 

“arms” and two additional “ teiitaeh's,” \\hi» h 
loiigi'i' than the true arms, and carry suckers on 
tieniities only, which are expanded and club-shaited. The 
siiekers are iiedunculated, the body is furnislu'd with lateral 
tins, and the sludl is always internal. 



lillls," fitllMll 
il> sIm- 11, blit 
nil'll liuiii tin 
lir.iiT. 


iliiinrilv I 


are much 
tlieir e\- 


Fam. M. Tki' I'Hiii.k. — Shell eonsisting of an intmaial horny 
“pen” or “gladius,” eom])osed of a central shaft and two 
lateral wings. Several of such jiens may exist in a single 
individual, packed one ladiind the other. Fins mostly ter- 
imiial and angular. This family comprises tlie living t'ala- 
^naries and Sipiids, and the following fossil genera have been 
I'ainded upon “ pens ” which have been discovered in various 
Secondary dcjiosits : — 

0. TcH(Ji)j)sis. — Fen lanceolate, produced in front, dilated 
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and spaiulatn iH'hiiid. Five species of tliis gemis liave 
described from tlie Lias. 

1. llflott'ufhis. — I*cii lanceolate, ])ointed in front, with two 
small wing-like ex])nnsions beliind (lig. 47;")). Six sjiecics 
luive been described by Count Minister from 
the L^])])er Lias of Wiirtenil)erg. 

V. PhuUofciitlrk. — Fen corneous, tliin, and 
snli-ovate, slightly eoneave below and con\r\ 
above, the anterior en<l narrow. The known 
forms aiu from the Cretaci'oiis. 

if. LpluU'iiflils. — Fen horny, hastate, broad 
in front, pointed behind. A singh' speeios 
is known from the Oxford Clay (durassic). 

c. Fesides tlii' above, remains found in the 
durassic rocks have been referred to the liv- 
ing geiiei'a nf/iis and (h/i/iifis{i-( jiIk.s; 

and the extinct gmiiis has also 

lieen placed in this family. 

Fam. 4. Skpiadj:. — Internal skeleton (tig 
dd7, e) in the form of a broad, laminaU'd, 
calcareons ])late, with an imperfectly chamb(‘red ajiex (or 
■‘nnicro”). The chambered ])ortion of the skidetoii cori'i'- 
s]»onds with the “ phi'agmacoiie, ” of the Felemnites. The 
fossil speci(‘s of this fiimily range from tlie Middh; Oolites 
ujiwards, and helong to the following three genera : — 

tf. Si'/n/fr -Shell broad and thick in front, laminated, ami 
terminating in a, j)rominent mucro. The fossil forms belong 
to the Oxford (day (durassic) (ind Focene Tertiary, and tlm 
genus attains its maximmn at the ])resent day. 

h. Spindintslrii.- — d’he shell (lig. 47()) in this singnlar genus 
consists ol !i chambered portion or “phragmacone” coiled into 
a s])iral,the volutions of which are separated. This is lodged 
in a ])ointed ealcareous portion or “rostiaim.” Tln^ only known 
s})(;eies ol tins gmius is found in the Miocene Tertiaiy. 

(\ Jlrloplcra. — Shell consisting of a nearly straiglit cham- 
bered portion or “ ])hragma('omC’ perforated by a. si])huncle, 
and lodged in a pointi'd e«'dcareous rostrum which is fui- 
nished with lateral wings. Two s])ecies rirdy of this genus 
are known, both Irom the Focene Tertiary. It seems 




1 ) IBRAN 01 II ATE CEPllALOPODS. 


D1 

(jiiit(i probable that tliis ‘,^eiius really belongs to the Bdcm- 
II I take. 



il. AVAyy/yo/s/.s.— This genus lias been tbniuled for the re- 
ception of an Kueene fossil clos(‘,ly reseiiilding IJciDjifrnt, but 
(liriering in not ]M)ss(‘Ssing any lab'ral expansions. Tliis 
genus also ])robably belongs to tlu! family IkhinnUuki. 

Fam. 0 . Sriiiri.lini:. - Shell (lig. 44.7, e) naereons, dis- 
coidiil, eoni|>osed of volutions wbieb are not in eontaet with 
"lie another. The shell is divided into a smies of air- 
eliainhi'rs by curved slu'lly ])artilion.s, ])iereed liy a ventral 
tube 01 ' “ siphiinele.” The entire shell eorresponds with the 
" }iliraginaeone ” of the skeh'toii of the Ueleinnites. Bjiiridi- 
riislnr. and Iklojilcru are often ri'lerred to this family ; but if 
these lie jilaced in the >SVyy/yo/m, the family of the Binnklka 
is then without any known fossil re[iresi‘ntativi‘. 

Fam. G. r.KLKMNiTiit.K. — Shell internal, eonipose<l of a coni- 
cal ehaniliered ])ortion (“ phragmaeone ”), with a marginal or 
ventral si])hunele, lodged in a eylindrieal libnais “ guard,” 
ii^^d ])rodneed in front into a thin liorny or shelly plate or 
” l>en ” (the “ pro-ostraeiiin ”). The Jn /cnnilfiiltr are almost 
exclusively conlined to the Secondary rocks, ranging from 
the top of the Trias to the (Talk, inclusive, (hdte recently 
Ih'ofe.ssor Tate has described a. species of Belemnite from 
strata of supposed Tertiary age in Australia ; and another 
has been recorded from Eocene dejiosits in Europe. 



92 


DIBRANCiriATE CEPHALOrODS. 


Witli tlicse exceptions, liowever, no Tertiary ('xaTn])les of tlic 
laniily are known, and tlie groii]) has no living’ repri'seiita- 



tives. The following- are tlie nioiv 
ini])ort:int i;-e]iera l)eloiii;inL;- to this 
family : — 

a. In’lciiDiilrs. — -Tlie skeleton of tli^ 
r»elemnite consists of a suh-cyliiidriral, 
loitL^er or sliortor, lihrous body (fins, 
•177, 47*S), wliicli is teriiKid the 
rostrum ” or “ guard.” Thu loiigtli 
of the guard vari(>s vory much in 
ditferent (nises, iind it is tlie ]);irt of 
the Ilehaniiite which is most com- 
moidy found in a fossil eonditioii, 
At the; Iront or hroad end, tht' guiiril 
is hollow('(l out into a conical c.x- 
eavation, which is ternii‘d tlie “ nl- 
veolus,” Within the alveolus, in 
]>erf('ct s])ec.i]nons, is contained the 
” Ithragniacoiie.” This consists of a 
conical series of chanilH*i's, setiaratnil 
Irom one another hy cui ved shelly 
])ai'titions or se})ta, which are pei- 
foi'atc'd hy apertures for tin; jiassag; 
of the “ siphuncle.” The sijihiinclc 
travc'rses the, middle of tlai veiiliiil 
wall ol the ])hi'agniacon(‘, and tin' 
whole sei'ies of (diandiers is eneloscil 
in a. thin shell-wall (the “ conoth(‘ca " 
ol Iluxhiy). Anteriorly the coiiolhci a 
or investment of the phragmacone i> 
|)rolonged 1‘orwfirds into a horny ei 
shelly ](late,, which corn‘S])onds with 
part ol the “ ])en ” of the, Calaniaries, 


and which is termed the “ pro-ostra- 
cnni (hgf. 4/7, r). The form of the, “ pi'o-ostracnm ” varies 
gieatly in different cases, and it affords imjioitant <'hai'- 
acteis in tin; discrimination of sjiccilic and geneim; forms ia 
the Owing, however, to its extreme tenuity, 
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it is riirely found preserved in ;i fossil condition, and its 
yaliie to tlie working palicontologist is tlius greatly reduced. 

Not only is the internal skeleton of the lleleinnite known, 
l)ut various s])eciniens liave been discovered, from which 
much has been learnt as to other points of its anatomy. 
Idiiis we know that the l)ody (fig. 478, a) was furnished 
with latiu'al lins, that there were eight arms and two longer 
“ tentacles,” that the snck(u-s were. ])rovided with horny hooks, 
and that there was a large ink-sac, togetlier with horny ma]i- 
ilibles. ^lost of the spijcimens here alluded to belong to 
Hilciiuioli'nthis, but licfrmnilcs proi)er was doubtless built 
upon (isseutially the same plan. 



Till! following tabh* of the sections and sub-.sceti<ms ol the 
species of the genus Ifclcnrniti's is the one given by l)r 8. V. 
^Voodward : — 
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Section I. Acfcli. 

Without (lorsul or ventral grooves. 

Snh-Sf'ct{o)i 1 . Aciuirii. 

AVithout lateral liiirows, luitotteii ehaniielleil at tlu' oxtrein, 
])oiut. (I’J.c. J>. (iciiariiis. Lias.) 

Sntt-SL'cdoK 2. Clavnfi. 

With latei-al furrows. (Ex. />. chimIuK. Ihas.) 

Section 11. Gaslroeieli. 

Ventral groove (listiiict. 

Siiti-sectinn I. Ctainlicnhtti. 

No lateral fiirrow.s. (Ex. Jl. rniiolicnlnfii.^. Inf. Oolite.) 
Siiti-.'<ccfion 2. Il(i>;t(iti. 

Tialeial furrows (listinet. (Ex. IL hnAnitm. Oolite.) 
S'ction III. Xotoe(eli. 

With a dorsal gntove, and furrowed on each side. {Ex. It 
ilil(tliitn.'<, Neoconiian.) 


The s]K'(‘ios of flic genus IEIcuidIEs r:iiig(* IVoiit tlu' to]) n 
the Trias, wheri; th(‘ earlii'st forms aj)])i‘ar, to lli(‘ r|»|)e 
(Ireimsand, in whieli tin' getms, -with one or two exe(‘|)t ioii' 
tinally (lisa])pears. The s))(‘ei(‘s art' most numerous in tlii 
durnssic rocks, and often occur in tin; gre.-ilixst ahumlaiid 
in particular ])eds or particular localities. It would seem 
not itnprohahh^ that tlu^ genus lE/ojitcn 
hefore notiei'd. should he tvferred to tli 
Im Inlciiniiliid(\ and tin* g(‘nus Jhlcin iKincjiin (or 

in (E'otniUiis), fonnm'ly riderivd to the Tcnthiilo 

apjiears to Ik* almost e(‘rtaiidy rt'ferahh* heiv. 

h. Jkiciit iillilhi.- -\\\ this gi'inis (lig. ITI' 
the skc'Ieton is very similar in its ge)iei':il 
arrangement to that of 7/eA //////7e.s ; hut Ihen 
is a straight lissure in the guai’d, at its u|)]h‘ 1 
end, on the venti'al side of tln^ wall of ih 
alve(dus, and the, surfaei* is mai'ked with di.s 
tinet vaseular irnjiressions. d’he spetuVs e 
this genus are e.xchisiwdy ( Vetaei'ous, and im 
'I only loiind in the uppei’ ])ortion of this lin' 


Illation, ranging from tlie rpper ( iiv.eiisaiid 1" 
the, ('halk. 

('. Jkiriii/wicnf/un. -''HhcJl consisting of a. jki rtfipiutrnvr, lih' 
that oi tin; heleinnite, ; a, horny dorsal jx’ii, with ohseiire 
lateral liands ; and a thin lihi’ous with two divergiu- 
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ndn'C'S on tlio dorsal side. Aninial provided with and 

f(‘i)hirl«'s oC niiarly (Mpud length, liirnished wiili a doul»le 
adernating series of liorny hooks, from 20 to 40 pairs on 
cacli anil ; vunif/c freci all round ; Jins large, medio-dorsid ” 
(Woodward). Only one species is known, from the Oxford 
('lay (i\liddle Oolites). High authorities, siicli as Owen and 
IfOihigny, question the validity of this genn.s, and n'gard 
it as lieing founded iijion sjieeimens of nihnuilfrs. 

(/. A'ljihofnifh is . — Ouard narrow and cylindrical, cojitainiiig 
a very long, dee|)-ehamh(.‘red, narrow (ihragmacomx Pro- 
ostiueiim greatly developed (nearly a foot in leiiglli), vcrv 
narrow at its base, widening out aidau-iorly, and linally ter- 
niiiiating in a |ioint(‘d apex. Only a, single. speci(!S is known, 
from the Lias. 

r. In addition to the above, the Cretaceous gmius Coiti)- 
li.iilJns and the durassie Ph'sitilnifh are [irobalilv reallv re- 
# fcrahh' to the Jlr/i'imiif iil(f ; and high authorities placi' here 
till' Teitiary giMiera, J^r/nphra and Jh/niniDsis, Tlie -liirassic 
AiviifJiofnifhi.^ is fouudt'd upon horny hooks, which were 
prohahlv attached to the suckers of Ih'lrn) nlh's. 
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CHAPTER XXIX. 

i<Ull-KIXi;i)()M VFAlTKnnATA. 

Thk sill loin l^rrtihrafd ni:iv lx; .sliortly (k^tiiuxl as in- 
dudin*;' (nninufs in n'hirli flic fmifi/ is roniposaf of a sncn ssinn 
of (h finifc Si’ffincnfs, dCi’d loji'il dloiuj a loiif/it nduKif ; fin 
■i/Kiiii ninsst’s of (hr iirr('on>> si/strin {In'inn irnif spinol roril) lO'i 
silnofnJ (tfoiiff (hr ((nrsf/l siirfo-r (f (hr Itotfi/, tnnJ on' id.oiipfrlAn 
,shn( ojf from (hr (jrnrivl (xxlif-nirifi/. Thr limliH a rr va /o 
'morr (hirn fmr in, nninlx r, nml nrr o/nyiifs (nrnril oiroif fruin 
(liof osjiirf (f (hr (lod./ n/nm n'hirh (hr mil in miissrs of (hr m f- 
Tons sf/s(</n on' sdnofrd. In oK, (hr nrrnms o.ris is jo'inn- 
( 1 rrlif si/jtjKnini hij o rrffnfor rod ^ n'lnrh is frriio'd (hr “ nul"- 
rhiird Imf. in mosf. (hr todorhord is rrplon'il in (hr odidi dj 
(hr lioiijf a. I IS 1, 'lion'll os (hr ^Asjonrd' or “ rrrfiiind ro/nmnf 
The ])asl existence ol' Vertehrate animals is (-liii'lly recir- 
nised by tin; pi’i'sma ation ot‘ their hard structures. Tin 'i' 
hard stnictiires are of two kinds -soiiK! h(‘lonying to tlm 
internal or tiaie skeleton (eiidoskcdeton), othei's heiiiL!; of tlif 
nature of horny or hony plates, scales, or apjxmdayes nl 
various kinds, develoj)ed in the iiite^^uuKmt (exoskeletou). 
] he nature ol the exoskeleton in the \hu'tehrates dilfeis 
very much in different cases, and it will he eonsidei’cd when 
treating of the separate groujts. It will he well, however, 1" 
give an extremely gene.ral and brief view of the structum '>1' 
the endoskeleton, taking for this ])urpos(* a Mammal as i! 
typical form. In this way the student will he euahlcil 
readily to trace tin; modific.ations ol‘ the skeleton in tlm 
lower forms, and will without dillicully comprehend tlir 
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U ruis Avliicli arc iiecessanly employed in tlie (liifiiiitions of 
llio various j^roups. It may be added licre, before proceed- 
iii.^ furllier, that it does not seem requisite to treat tlie bV/- 
hlir((f<t "witli tlie same fulness as tbe I/ircrtrlmda. The 
liissil remains of Vertebrates are in many cases ol' the 
]ii'j;hest theoretical interest, but they come much less fre- 
(^ucntly under the notice of the ordinary student than do 
the rmunins of the Invertebrates. No jiractical study, also, of 
the fossil WrteVirates can be carihid out without a eonsider- 
ahle acquaintance with (Comparative ( )steoloL>y. Lastly, the 
remains of NTu’tebrate animals generally occur in such a frag- 
mentary condition that a suificient smaes of sjieciniens for pro- 
litalihi study can rarely be obtained, except under ])eciiliarly 
favourahh! circumstances, in special eases, or where access can 
he had to a, lirst-rate museum. For tlu'se and other reasons 
it is thought enough, in a treatise intended for the working 
• pala-oiitologist, to give a gmieral account of each class of the 
Virhhndd, with delinitions of the, orders, and a luief notice 
nf the leading forms of each. Only in eases of special inter- 
est will any details of a more minute character than the 
alnivc !)(' givmi. 

I'he sl,’r/iinii of the V( Hrhi'dln may 1)0 regarded as eonsist- 
itig (‘ssmitially of the bones which go to form the litaid and 
trunk on the one; hand (sometimes called the “axial’' skele- 
ton), ami of those which tbrm the sn])])orts for the limbs 
(‘'appendicular” skeleton) on the other hand. The bones 
"f the head ;ind trunk may be looked upon as essentially 
''*ini])osed of a series of bony rings or segments, arranged 
'"iigitudinally, one, behind the otlu'r. Anteriorly these seg- 
■uents are much expanded, and liku'wise much modified, to 
lorni the, bony case which ('iiclo.sc's the brain, and which is 
termed the nrrnunii or skull. Jlehind the head the segments 
enclose a much smaller cavity, wliich is called tlie “ neural ' 
ur spinal canal, as it enclosi's the spinal cord ; and tlu'y are 
erraugeal one behind the other, forming the vert'diral column, 
llie segments which form the vertebral colnmii are called 
vertchra*,” and they have the following general structure ; 
J-u'h vertebra (tig. 480 , a) consists of a central pii'ce, whiili 

the fundamental and essential element of tlie vertebra. 
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and is known as the “ body ” or “ ceiitniin ” (r). From tin. 
up|)er or posleiior surlacc of the centrum spring two lionv 
arches (n, v), which arc; called tlie “neural arches” or “ueiua- 
pophyses,” because tlu'y form witli the body a caiud — 

“ muiral caual ” — wliich encloses tlio spinal cord. From the 
])oiut wliere the neural arclies meet behind, tliere is iisunllv 
developc'd a longer or shorter spine, which is tmaiied llic 
“spinous ])rocess ” or “ueunil spine” (s). From tlie neiiial 
arches there are also develo})cd in tlie ty])ical vertebra Iwc 
processes e), wliich are known as the “articular” ])r(i- 
(‘(‘ss('s, or “ zygai>ophvses.” Tlie vertehra* are united to oiic 
another partly by these, hut to a greater extent by the 
bodies or “ centra.” From the sides of the verteliral body, 
at the point of junction with the neural arches, there jiroccol 
two lateral processes {d, d), wdiich are known jis the “ trans- 
verse [irocesses.” 



ilihs, !issistin,(4 iii thi- t'ontiation (»!' Ui<; hiciiial arch ; p, p, Cuatal c.artilai'i s ; h, Sh 
with lia iiial Hiiiiic. (A)lcr Owen.) 

These elements foi-m the rr.rfchm of the human aiiat"- 
mist, but the “ vertidira. ” of the transcendental anatomist is 
completed by a second arch w'hich is placed beneath tlir 
body of the vertebra, and wdiich is called tlie “ hanial 
arch, as it includes and protects the main organs of tlr' 
circulation. This .second arcli is often only recoguisab'lr 
with great ditliculty, as its iiarts are generally much modi' 
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iied l)nt a good exam]>lc may ha obtained in the human 
thorax, or in the caudal vertebra of a bony hsli. 

As a general rule, tlic vertebral column is divisiljle into a 
number of distinct nigions, of which the following are reeog- 
uisiihle in man and in the higher Vcddyrahi : 1. A series 
of vertebra “ which compose the neck, and constitute tlu^ 
‘Aaavicnl region” of the spine (iig. 4H1, e). 2. A number 

of v(!rt('l)ra‘ whieli usually carry well-d(‘vcloped ril)S, and 
fuvm the ‘Moi'sal region” {d). 3. A series of vertebra- 

viiich form tlu' region of the loins, or “lundiar region” {]>). 
1 i\ gn^ater or less number of vertebra’ which constitute tlie 
“ sacral region,” and are usually amalgamated or “ anchy- 



I'i- IM. Sk.'li tnii ;ni ,\nn:iilillu. slidwiii:.;' tlic regions of llio vertel.nil Ooliniiii. c, Cervi- 
(.■;il region; </, L)ors;il region ; /, Luiiilwir i-egioii ; s, Siieral region ; Lniiaiil region or tail. 


losed ” together to form a single Ixme, the “ saerum (s). 
a. The s])iual column is completed h}' a variahle uumher 
of vertelira- whicli constitute the “caudal” region or tail (/). 

As regards the skull of the YmUdmites, the most import- 
ant ]»oiiits to be noticed are thc! maimer in which the 
craiiiiiui articulates with the vertebral column, and the 
struetiiiv, of the lower jaw or “maiidilde.” lu llirds and 
keptiles the skull articulates with the first vertidira ol the 
neck f)y ;j single articulating surface or “ con- 

^lyle,” carried upon the occijutal hone. In the Am])hi- 
I'ians, again, and in the i\lammals, there arc tiro “occijutal 
condyles,” by which the skull is jointed to tlui neck. 1 he 
lower jaw is sometimes wanting, luit, wlien prc’seiit, it eon- 
•‘^ists in all Verkhrato of two halves or “ rami,” wliich are 



104 


YERTEBRATA. 


united to one anotlier in front, and artieulidi; se})ai‘!ililv 
witli the skull behind. In many eases, each half, or “raiiiiis," 
of the lower jaw consists ot several pic'ces unit('d to oiu. 
another hy sutures; hut in the each ramus con- 

sists of no more than a single piece. The two rami iire vciv 
variously connected witli one another, h(ung sometinu'S oiilv 
joined hy ligaments and muscles, sometimes unitt'd by car- 
tilag(; or by Ixmy suture, and sometimt's I'usi'd or anchyloscd 
with one another, so as to leave no evidence of tluar Irur 
composition. The mode Ity which (stch ramus of the hu\vr 
j:iw articulates with the skull also varies. In the MuiiniuiJ'in 
the low(U’ jaw articulates with a cavity formed on what is 
known to human anatomists as the tem})oral lione; hut in 
llii'ds and la‘})tiles tiui lower jaw ailiculatc's witli the skull, 
not dire(‘tly, l)ut hy the intervention of a, s])ecial hone, kiiovn 
as the “ (piadrate hom; ” or “ as* ([luidiud 11111 ^ 

As regai'ds the lindiH of V'ertehrates, whilst many dill'cr- 
('nc(!s (‘xist, which will la; alterwards noticed, there is a 
general agreenuait in tlie ]»arts of which they ai'ii comjtuscd, 
As a rule, each ]>air of limbs is joined to the trunk hy nieaiis 
of a series of homus which also corresj)ond to one another in 
general sti ucture. The fore-limhs, often (adhal the “])ect()inl 
limbs, are united with the trunk hy means of a, bony anii. 
which is called the “ jiectoral ” or “ scapular ” arch ; wliiht 
the hind-limhs are similarly connected with the trunk ly 
means of tin; “])elvic arch.” In giving a general descriptiuii 
of the. parts whicli conij»ose the limbs and their su])poiliiid 
arches, it will he best to t:dve the case of a ]\Iammal, and tlu‘ 
dejiartures from this tyjje will then Ik; readily recognisi'ii. 

The pectoral or sca|)ular arch consists usually of thro* 
hones, th(^ “scapula” or shoulder-l)lade, the “coracoid,” iind 
the “ clavicle ” or collar-hone; hut in the great iJiajority at 
the ]\Iammals, the coracoid is anchylosed with the scapula, at 
which it forms a liiere protauss. The sc.apula or shoulder-hladt' 
(fig. 482, s) is usually phiced outside the ribs, and it fui'ui^, 
either alone or in conjunction with the coracoidal element at 
the shoulder-girdle, the cavity with which the upper arm i^^ 
articulated. The coracoid, though rarely e.xisting as a distinct 
hone in the Mammals, plays a very important part in otlici 
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\'(.rt(',l)riites. The clavicles are oftcai wantiiio-, or rii(linientaiy, 
and tliey are the least esseiitiiil eleiiaaits ol' tlie scapular arcli. 
Tlic lore-liuih ])r()per consists, lirstly, of a single hone which 
ioniis tlie u])])er anan, and wliicli is known as the hiuncri's (A). 
This articulates above tin; slioiilder-girdle, and is followed 
Talow hy the fore-arm, which consists of two bones, called 



till' wrist, nr r;iv|iiis; ni, Mt'tii- luisus ; /I, I’lialiiuxrs. 

l ariius ; ji, I’lialaliat'S of tlio 

liii^rrs. 

the rad ins and idiia. Of tliese the radius is chietly concerned 
'^vith carrying the hand. The radius and nlna are followed 
hy the bones of the wrist, which are nsually composed of 
several bones, and constitute what is ealh'd the carpus {d). 
Ihese suitport the bones of the root of tlie hand, which vary 
iu number, but are always more or less cylindrical in shatie. 
hhey constitute wdiat is called the mctacaipns. The bones of 
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tlio iiietaciirpiis cany tlic digits, wliicli also vary in niinilit r 
l)ut are composed each of from two to three cylindrical bones, 
which are known as the phalamjcH (p). 

Homologous parts are, as a rule, readily recognisaldc in 
the hind-lindj. The pelvic arch, by which the hind-limb is 
united with the trunk, consists of thi’ee ])ieces — the v7b'///, 
Uchinm, and jrulH'n — which are iisnally anchylos(!d togcitlni, 
and form conjointly what is known as the iniunninKfc Ihhh 
(lig. 483, /). In most ]\ramnials, the two innominate bones 
unite in front by a ligamentous or cartilaginous union, and 
they constitute, with the sacrum, what is known as the j>rlris. 
'file hind-limi) projier consists of the following jiarts : I, 
Tlio thigh-bone or femur, corres]»onding with the humeins 
in the fore-limb. 2. The bones of the shank, corresponding 
witli the radius and ulna of the fore-limb, and known as the 
tihid iiWiX fibula. Of these, the tibia is mainly, or altogetlicr. 
concerned in carrying the foot, a.nd it is thus shown to coi- 
respond to the radius, whilst the fibula corres])onds to the 
ulna. 3. The small liones of the ankh', known as the tarsus^ 
and varying in number in ditierent casi*s. 4. A varialile 
numlier of cylindrical bones (normally five), wliicli are called 
the luvlatarmoi, and which corresjiond to the nKitacarpus. a. 
Lastly, the metatarsus carries the digits, which consist, eaeli. 
of fi’oni two to three snudl bones or jihalauije^, as in the liji'e- 
liinb. 

The sub-kingdom Yertebrata is divided into the following 
five classes : — 

1. Pisces (Fishes). — Respiration liy na'ans of gills; Insirl 
usually two-chambered; an exoskeleton, in tlie form of homy 
scab's or bony plates, generally jircisent; Idood cold. Linihs, 
when present, in the foian of fins, or expansions of tlie integu- 
ment .supported by bony or cartilaginous spines or “ mys.” 

2. A.MriiiiUA (Amphibians).- -Respiration at lirst exchi- 
siv(‘ly by gills, afterwards by hnigs, (dther alone or associah'd 
with gills. Pleart of tlie adult three-chambered ; blood cold. 
The skull connected with the vertebral column by two ew 
ci})ita] comlyle.s. The liml»s, when ])resent, never converted 
into fins, and composed of the same paits as in the higlu'i' 
Vertebrates. 
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3. Kei'TILIA (]Jeptiles). — Res])iratioii aerial, hy lungs, and 
never l)y gills. Puliiioiiary and sy.stemie circulations coii- 
nectod together eitlier within the heart or in its ininiediate 
neigii1)ourhoo(i. Heart of the adult three-chanihen'd in most; 
rarely four-ehaiuhered. JUood cold. Skull united to the. 
vertehral column hy one occi]>ital condyle. Kxoskeleton in 
the I'orm of horny scales or bony plates, or both comhined, 

4. Ayes (llirds). — Hespiration aerial, lay lungs, and iiev(U' 
l)y gills. Ilronchial tubes opening on the surface of the lungs 
into air-saes. A greater or less number of the bones almost 
always hollow and tilled with air. The .skull connected with 
tlie verte])ral column by a single occipital condyle. Heart 
foiir-ehaml)ered ; tlu', pulmonary and systemic circulations 
distinct, and the blood warm. J^lpidermic a])pendages in the 
form of feathers, reetoral limbs in the form of wings. 
Animal oviparous. 

5. M.\.m.mali.\. (Quadrupeds). — Respiration aerial, by lungs, 
and never by gills. The terminations of the air-passages 
(hronchi) never connected with air-sacs. Heart four-cham- 
hered ; the pulmonary and .sy.stemie circulations distinct ; the 
blood warm. Skull coniu'cted with the vertebral column by 
two articulating surfaces or condyles. Some ]>art or other of 
the integuimuit provided at some tiTue or otlier "wilh epidermic 
a))])endages in the form of hairs. The young nourislusl for a 
shorter or longer tinu^ by means of a special iluid — tin* milk, 

secreted by special glands — the mammary glands. Animal 
vivijiarous. 

As regards the general (HsIrihufiDji in (hue of the Vrrte- 
the earliest certain ti-aces of tla^ existence of this sub- 
kingdom are fouml in tlu* Rl>l»ei' Silurian rocks. Here are 
tlie reniains of (laiioid and Idagiostomous iishos ; and w'c 
faii'ly aiitici]>ate that further research will ultimately 
I'csnlt ill putting back the lirst appearance of Fishes at any 
late to the Lower Silurian. The class of the Am])hibiaus is 
Hot known to have come into exish'uce ])rior to the com- 
iiiencemeut of the Carboniferous period, but it- had attained 
‘1 great develo])ment b(*fore the close of this e]H>ch. Tin* 
class oi the true Reptiles is repre.sented by umloubted e.\- 
Hinple.s fur the brst time in the Rermian dejnrsits. In the 



108 


VKK'rEliRATA. 


^Ic'sozoic roel<s, liowovor, tlic dovclojdneiit of this class was 
so great that the Secondary period lias l)i‘eii termed tlie^Ai^e 
(if lh^])tiles.” 'Pile class ^Ins is douhtrnlly repres(“iit('(l liy 
footprints in strata of the ago of tlu; Trias; ])iit no Tiila- 
ozoic remains of tliis class have hecn as yet detected. TJic 
earliest nndouhted remains of Jlirds ocmir in the fliirassii 
scri(“s, iind the class has continned to he reprcsenti'd nion- or 
loss ahnndandy to the prc'sent day. Lastly, tlu; class of tlir 
Mtuitnuiliti, S(» far as at ])resent known, linds its isirliest fossil 
representative in strata of the age of the Trias (Xcw hod 
Sandstone). The IMammals, howe\'er, cannot l)e said to lie 
in any way almndant as fossils, till wo reach the Eoccik' 
Tertiary. From this point onward the remains of Mamiiinls 
are as alaindant as, in the nature of the case, they t'oiiM 
rcasonahly he c.\[)ccted to he. 
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TilK iii'st class of tlio Vi rli hrahA is tliat of tlic Fishes (/Fscrs), 
whiali may 1)0 hroailly (h'liiual as iiiclu<liiio' Vcrfibrait' (miiihtU 
v'liich arr proi'ldt'd v'ifji i/iils throvijhoiil ikf trhoh' of lift' ; iJo' 
lifdii, v/k'h pirsrnf ro/cs/.s/.s (irl/h f'd- (‘.irrpfioiif of u sliif/lf 
(iiinrJr 011(1 (( Kiofflt' vi'iifriidr ; fJo' hlood /s void ; flo' liioh^, 
vlini pi'vsviiJ, (trv iii fliv form of flits, or v.iponsions tf flo 
iiih'ijamnd . 

Ill tonii, Fishes nr(‘ adajited for ra]>i(l locomolion in water, 
llui shape of the body hein;i;- siicli as to give rise to the least 
pessihle frietion in swinnning. To this (nid also, as well as 
ler purposes of defence, the body is usually enveloped with a 
(‘eating of scales developed in the iidVrior or dermal layer of 
tlie skill, Till* nioia* iin])ortant modifications in the form of 
tlicse dermal scales are as follows: 1. fk/e/e a/ scales (tig. 4.S4). 



I 'a. ISI, Cycldid .si’jili'. 



Fig. eU'iioia si-alc. Fig. tsi;._(;;ui,.i<l S(m1, . 


t'''iisistiiig of thin, tlexihle, horny scahes, circular or elli])lical 
ill shape, and having a more or less completely smootli out- 
These are the scales which are characteristic of most 
the ordinary bony tishes. 2. Ctenoid scales (fig. 48;"), 
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also consisting of tliin liorny plates, but baviiig tlicir })(i,s- 
terior margins fringed with spim's, or cut into eomb-liki* pio- 
jc'ctions. o. (lunoid sciilos, comi)OScd oi‘ an iulcrior hy^v 
consisting of liom*, covered by a superticiul laycu’ ot lianl 
polished enamel (the. so-called “ganoine”). Tliese scales 
(fig. 48 G) are usmdly much largcu- and thicker than tlir 
ordinary scales, and though they are often articailated to one 
another by special processes, they only rarely overlap. 4, 
Placoid scales, consisting of detached bony griiins, tubeivles, 
or ]ila.tes, of wliich tlu* latter are not nncomnionly ariiieil 
vith s])iiies. 

It is very important for tlie geologist to recognisi; tlie 
characters of these diiferent setdes, as he may have to decide 
u[)ou the characters of a fossil fish merely from detaclicd 
scales. Such decisions, however, are always more or less 
bazardiJiis, since the scales of the diiferent orders of tlu; liv- 
ing fishes are not invariably of the same kind in all the foriie 
ol' the order. Thus, ganoid scab's arc Jiot ])e('iiliar to Hie 
ord(‘r of the Cunoid fishes, but occur also in some of ilie 
jloiiy rishes (I'chnsfri). The scales, also, form at liest Imt 
one character, iind they can hardly be said to constitute tlie 
most important chameU'r of any lish. A classification, tlicie- 
fore, which is base.il ]>rimarily upon the nature of the scales, 
necessarily is more oi‘ less “ artificial,” and is liable to laiiiy 
into juxta]t<)sition forms which have no real aflinity to one 
another. For these reason.s, most zoologists do not aca'C])! 
the classification of tlui f'islu's into the. four orders of the 
( *i/t’li)ulri , (Jhiioldri, (dtiioidci, and Jdlot'oidii, since this cla.ssi- 
ficatioii, though sanctioned by such an eniimmt authority ii.s 
rrofessor Agassiz, is foumled solely njion tlH^ nature of the' 
integumentary covering. The ])aheontologist, however, whose 
materials oft(‘n con.sist of nothing moi'e than detached scales, 
has luMUi not rarely driven, by tlui necc^ssity of the cast', 
to provisionally classify his specimens in accordance with 
the nature of these ajipendages. 

As regards their true osseous system or endoskeletou, 
Fishes vaiy very widely. In the Lancelot there can hardly 
be said to be any ski'h'ton, the sjiinal cord bcdiig simply 
sujjpoi ted by the gelatinous notochord, which remains through' 
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out life. In otlicrs the skuleton remiiins poniianoiitly cur- 
in otlicvs it is partially cartilaginous and partially 
ussiiiod; and, lastly, in most modorn fislies it is entirely 
ossified, or converted into bone. Taking a bony lisli (lig. 
487) as in this respect a typical example of tlie class, the 
following are tlie chief points in tlic osteology of a lish which 
ro(giire notice : — • 

Tlu! wrtcbral cohrnm in a bony fish consists of vertelu’a! 
which are hollow at both ends, or biconcave, and are techni- 
cally said to be “ amphicielous.” The cnp-liki; margins ot 
the'vertebi-al bodies are united by ligaments, and the cavities 
I'oniuid betwcicn contiguous vertebrie are Idled with tlie gela- 
tinous remains of the notocliord. Tliis clastic gelatinous 
sulistance acts a.s a kind of ball-and-socket joint between 
the bodies of the verteluae, thus giving tlie whole spine the 
evtnune mobility which is reipiisite lor animals living in a 
watery medium. The ossification ol the vertebra.' is often 
imieh more imperfect than the aliove, but in no case except 
that of the llony Pike (Lrpldostm^) is ossification carried to 
a greater extent than this. In this fish, however, the verte- 
hral column is composiMl of “ o])isthoca‘lous vertebne that 
is, of vertebra.' the bodies of which am concave behind and 
convex in front, 'fhe entire spinal column is divisible into 
not more than two distinct regions, an alxhmiiiud and a 
(‘iUKhd miion. 'fhe abdominal vm'tebra' ])Ossess a suiierior iir 
luairal arch (through whicli jiasses the sjiinal cord), a su])eiioi 
s])iiious ]»rocess (neural s]>ine), and two transver.se piocessc's 
to which the ribs arc usually attached. Ihe caudal \crtebia* 
(tig. 4<S7) Inive no marked transverse i.rocesses; but in ad- 
dition to the neural arches and sjuiies, they give olt an 
iuhu'ior or Jio iiKd ai'ch btdow the body ot the vcrtelirai, and 
the luemal arches carry inferior spinous processes (luemal 
spines). 

The rihH of a bony lish are attache, d to the transverse pro- 
cesses, or to tlic! bodies, of the abdominal vertebra', in the 
ionii of slender curved bones which articidate with no moie 
than one vertebra each, and that only at a single ])oint. 
bulikethe ribs of the higher Vertebrates, the ril.s do not 
enclose a thoracic cavity, but are simply embedded in the 
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iuus(‘ies wliieli bound tlui alKlonuMi. Tsually oacli rib 
oft a s])iii(3-Iiko lioiie, whicli is diroctod backwards aiiionnsf 
tlio imiscles. Tideriorly tlie (‘xtrcmitics of tlie ribs an* live 
or are rarely united to deriual ossifiratioiis iii tlio uiiddl,. 
line ot tlie alidoiueu ; but then; is iie\ er any brcsist-boiic ni 
slrnu/m projierly so called. 



d'lie only reiiiainiiiL;' bones connected with the skadelon ef 
tlie trunk are tin; so-called infn'sjtinnn^ (liy. 4.S7, /. /), 
d'liesi! form a series of dayn-er-slia]ied boiu's ])luii^ed in (hr 
middle line, of the body between the gjvat latei-al niiisclis 
whi(di make uii the nivater part of the body of a, tish. The 
internal (aids or points of the int(a-s])iiious Ixuies an* attaelitd 
by li.yammit to the spinous proctesses of the viatel.ne ; whil.M 
to their oul.(T ends an; artiiaihited tin; “rays" of the so-callol 
“median" fins, whi(;h will bi; hensaftm- destaibed. ^\s ;i 
ruh', thei-e is only om; intersjdnous boiu' to each sjdnoii' 
proC(;ss, but in the b'lat-lishes (Sole, d’lirbot, .ke.) there aiv 
two. 

]k*sid(;s the fins whhdi rejinisent the limlis (pectoral and 
v(;ntral fins), fishes ])ossess othm- fins placed in th(‘ middle 
lim* of tin; body, and all of tliese alike an; sujiported by hoiiv 
sjiines or “rays," wbicb arc of two kinds, ternnal respectively 
“stiiiious rays” and “soft rays." The “s])inous rays" are 
sini])le bony spines, ai>parentiy composed of a sin-tie ]deec 
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pacJi, but really consisting of two lialvcs firmly united abmg 
the middle line. The “ soft rays ” are composed of several 
shaider spines proceeding Irom a common l)asc, and each 
divided transversely into numerous short pieces. The suit 
v;iys occur in many nshes in dilferent fins, l)iit tliey are in- 
variably found in th(‘ caaidal liii or tail (lig. 487, c). The 
lays of tlie median lins, whatever their character may be, 
always articidate by a hinge-joint with the heads of the iii- 
li‘i's[)iuuus bones. 

Tlie diill of the liony fishes is an extremely com]»lieated 
structure, and it is imjiossible to eider into its conijiusition 
liL-iia The only portions of tlie skull which reipiire special 
iiieiiiion are the bones winch lorm tlie gill-cover or oper- 
culum. For I’casons connected with the respiratory process 
in iislies, there geiu'rally exists between the head and the 
sc!i])ular arch a great cavity or ga]> on eacli side, within 
which are contained the branchia*. The cavity thus formed 
u]»eus extei’iially on each side of the neck by a single vertical 
tissure or “ gill-slit,” closed by a broad 11a]), called the “ gill- 
cover” or “operculum,” and by a membrane teruRHl the 
“ hi’aiichiostegal membrane.” 

The gill -cover (fig. 488, y>, e, s, /) is composed of a cbaiii 
of broad ilat bones, termed tlu^ o])ercular bones. 01 these, 
the innermost articulates with the skull (tyin])ano-mandibu- 
lar arch), and is called the “ pra,‘-o])erculum ; ” the next is a 
large bone called the “ o])er(adiim ” ])ro])er; and the remain- 
ing two bones, called respectively the “ sub-o})er(‘ulum ” and 
“ iider-o])erculum,” form, with the operculum ])roper, the 
cilge of the gill-cover. These various boiu's are united to- 
gether by membrane, and they form collectively a kind of 
niovable door, by means of whicli the braiu’hial chambt'r 
can be alternately opened and sliut. Hesidt's tin* gill-cover, 
liuwever, the branchial chamber is closed by a membrane 
calleil the “ branchiostegal membrane,” whicli is attached to 
die os hyoides. Tliis memliraiu! is sup]»orted and s])read out 

a number of slender curved s])ines, which are attached to 
the lateral branches of the hyoid bone, act very much as tlie 
I'ihs of ail umbrella, and known as the “ branchiostegal ray s 
(fig. 488, d). Ill niaiiy (hinoid fishes the jilace ot the 

VoL. II. H 
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“ bmiidiiostegal mys ” is taken by two broiid plates, one 
on each side, whicli are known as tlic ‘'jiignlar plates ” or 
“ guliir plates.” 



Fi- 4SS. . .Skull of Co.l (.Vm/-, •///<»» r/e;/-«//s)-eiivici'. -r, Froliyal ; h, Iki.silival ; (■,('1111^. 
liN.il; a. ar.iiirliiiislf-al lays ; enf-niM-iviiliiiii ; «, <)|icirii!imi iiiopcr; s, Suh imh iviiIiiih 
t, Jiitci-niMTciiliiiii ; „i, .MaiidililL' ; //, liitcniia.\illaiy liniic. 


The I huh of lislies depait coiishhn’alily from tlu; ty]>iciil 
form exhibited in the liii^hei* Vertelirates. One or botli pairs 
of lind)s may be wa,ntino', but wiieii present the limbs aiv 
always in tlu! form ol /.//s— that is, of expansions of the 
intenument strengthened by bony or cartilaginous fin-ravs. 
The antei’ior limlis are known as the jn'ctora! lins, and the 
posterior as the Tnifral fins ; and they are at once distiii- 
guish(!d from the so-called “ median ” fins by being always 
dis])osed in pairs, usually symmetrically. Hence they are 
often s])okeii of as the paired fins. 

4Te fore-limbs or pee.toral lins possess in a modified form 
most of the bones which are ]>resenl in the anterior exti'cin- 
ities of the higher Verkhrata. They vary much in size aiiel 
in other characters. Sometimes they are enormously ex- 
panded, as in the Tlying-fish {Kwc(rius) ; and at other times 
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form merely a ])air of paddles, as in the extinct Plcr- 

irhihy^. 

Tlie lii'-^hest typti of pectoral liinl) presented by any of the 
lislics, is that exhil)itcd by (kralodiis (tig. 489), in which 
lliure is a nu'dian cartilaginous axis, 
formed l>y a succession of joints, which 
ill turn sii])i)ort on each side a lateral 
sorics of joiiiti'd liranches, these finally 
iH-uriiig the lin-rays. It seems certain 
that tlic “ ( 'rosso]»terygious ” ( lanoids 
of the Devonian and ('arboniferoiis 
jioriods ])ossessed a similarly - con- 
structed jiectoral tin. 

The hind-liml.>s or ventral tins are 
waiitiiig in many llslies, and they arc 
less developed and h‘ss iixed in posi- 
tion than ai'c the ])ectorals. Tn some 
cases tlie vmitral lins are “abdominal” 
in jiositioii, and are placed more or 
less towards tlu' hinder ]>art of the 
body (as in the Sharks, (lanoids, and 
iMnd-llshes). In other cases, they are 
'‘thoracic ’’—that is, tinware idacml 
heiiisath the pectorals ; and in some 
cases they are situated on the sides of 
till- lU'ck in advance of the ])ectorals, 
when they are said to be “jngnlar.” 

In these cases the pelvic arch is at- 
taelii‘d to the ])ectoral arch, and is 
therefore wludly removed from its 
aorinal ])()sition. 

Ill addition to the pectoral and ven- 
tral tins —the homologiies of the limbs 
-^-whieh may be wanting, lishes an*. 

furiiislu'd with certain other expansions of the integnment, 
^'hieh are “ median ” in position, and must on no account be 
^niiloumled with the two “ jiaired ” lins. Those median lins 
-a'e variable in number, and in some cases there is but a 
•dngh^ fringe running round the posterior extremity ot the 
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body. Ill all cases, however, tlie iiiediaii lins are “azygous' 
— that is to say, they occupy tlic middle line of the Lodv, 
and are not syiiiinetrically disposed in ])airs. JMost com- 
moiily, tlie median (ins consist of one or two expansions of 
the dorsal integument, called the “ dorsal lins ” (tig. dim, 
d, df)\ one or two on the ventral surface near tin; amis- 
the “ anal lins’’ (fig. 490, a)] and a broad liii at, tiu; t-x. 
lr(;mity of tlie vertebral column, called the “ caudal liii^di 
tail (r). In all cases, the rays which support the m(Mli;iii 
Jins are articulated with the so-called inters|)inons bom-s, 
which have heen i)revionsly described. Thongli callid 
“median,” from their jtositiim in the middle line' of the liodv 
and from their being nn])aired, the median tins of Fishes, av 
shown by (loodsir and Jlnmphrey, are truly to l)e regaidiil 
as formed by the coah'Seence of two lateral elenu'iits in tic 
mesial |)lane of the body. 



I'i;.;. Oiillilii- Ilf ;i li>li (/’/ ,r,/ <//(/// iaii/ii), slunviiiK tin* )i;iirra iilul lllili.'iivca lin-i. 

( »iic Iff till- iii'ctiii;il lins; r, Onn of tlic vuiitnil liiis ; (/, Fir.sl, iloi.s.il liii ; SitiiikI il(irs;il Im , 
Anal till ; r, Camlal liii. 

The caudal tin, or tail, of lishes is always set vertically 
the extremity of the spine, so as to work from side to side, 
and it is the chief organ of progression in the lishes. In 
vertical position, and in the possession of tin-rays, it diHi'>s 
altogether from the horizontal integumentary ex])ansiitii 
which constitutes the tail of the Wliales, Doljdiins, ;tii<l 
(Dugoiig and Manatee). In tin; form of the tail 
fishes exhibit some striking ditfea'cnces. In some of the 
Itony iishes and Ganoids, the caudal extremity of the s|iiiie 
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is not bent upwards, l)ut divides the caudal fin-rays into two 
nearly e(iun] portions, and the symnietrical tail-fin tlms pro- 
dnc('d is said to he “ diphycercal.” Tn the great majority of 
the llony fislies tlie tail- fin ap])oars on inspection to ])e 
divided into two eapial lobes, and it is tlien said to l)e liomo- 
cercal” (iig. 491, a). This apparent symmetry is due to 
the tact tliat tlie spinal column seems to terminate in the 
centre of a triangular l)ony mass, to tlui Iree edges of wliicli 
tlie lln-rays are symmetrically attached. In reality, how- 
ever, the notochord is prolonged into the upper lobe of the 
tail; and as there is a much larger number of fin-rays below 
tlie hent-uj) notochord than above it, the tail is truly unsym- 
iiietrical in its fundamental structure. Lastly, in the .AVe.s- 
nuihmncliii, and most (lanoids, the tiiil is cons])icuously 
luisyinmetrical (iig. 491, n), and is then said to be “ lietero- 



rig. 41)1.— A, Sworil-Cisli, sliowing Ciil ; h, SIuvi^cdu. Omwiu;,' tlie 

liftci'iii'ori-iil f'nnii ol' 


(■ercid.” In these cases, the lower lobe of the tail is coii- 
■'^I'leiioiisly larg('r than the niiper, owing to tln^ dispvoporlion- 
■*b‘ development of the Inemal spines, ami the spinal column 
is prolonged into the U])])er lobe of the tail. 

In a recently ])ublished and im])()rtant memoir, I'rofessor A. 
^n‘(Ssiz has shown that in and various other liv- 

Loiiy fishes, the tail of the early embryo is rounded, and 
synnnetrieally developed at the hinder end of the straight 
Jiotoehonl (“ leptocardial stage ”). Soon the chorda beconu's 
'"'icIkkI upwards, and there .appears the first trace ol‘ a sej^a- 
ot the tail-tin into two portions, only one of which is 
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dostinud to roniaiii permanently. Tlie superior of tliese i^vo 
divisions, wlien both liave become fully mai'ked out, sur- 
rounds the end of the up-turned chorda (iio-. 492, u), and it 
must be n^giirded as an embryonic structure, since it finally 
disappears. The inferior of the two divisions, on the otlur 
Iniiid, is placed below the embryonic tail, :md is ultiinatelv 



Tail of yomi;,' Flumidcv (/’/f'l/coorc/cv) in its liidcrnccrml slay^' of ilrvi'lo|iiiiint 
Kiiiliryoiiic ramlal (in ; h, iN riiiain iit cainlal liii, uc<'iiiiyiiij' an iiil’i i ior |iosit ion ; c, IScnt-ni- 
finl of the notoclionl. (Afli r .V. At;as>ii;.) 

develo])ed into the ])erm.an(‘nt tail. At llrst the ])enii:ui('iit 
caudal lin has the ap]>earance of a distinct lobe*, winch Imiks 
like a second anal tin. in process of growth, howi‘\('r, tlie 
embryonic caudal becomes thrown more and moie u]iwai'ils, 
and th(i rays of the permanent caudfil acijuirea faii-liki' arniiiLto- 
iiKUit. At the stage tigurt'd above (tig. 492), the tail is truly 
“ liettu'ocercal,” and is wonderfully similar in aj)])earaii( c I" 
th(! tail of many Takeozoic tisliius. Finally, hoW(*vei’, tlie 
turiKMl-u]) (‘ud of the notochord bettomes re])laeed by tk' 
long “ urostyh; ; ” the eml)ryoni(; caudal diminislms in si/r 
and disapptuars ; and the ]H*rmanent caudal increases in size, 
and is gradually transl'ormetl from a ventral into a tfU'niiiuil 
apj»endag(!, the tail-tin thus assuming its ultimate lieiiio- 
cercal ” constitution. 

The above-mentioned facts have an important bearing 
u})on certain ])ala‘ontological theories. As is well knovii, 
I’rofessor Louis Agassiz, one of the gieatest of aiitlioi'itic^ 
u})on all subj(!cts relating to this class, inaintained that tlie 
IVihcozoic tishes in general were of an “eiidiryonic” chai' 
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aeier. This theory was based essentially upon the fact that 
(1) the existing hshes have mostly “ homoeercar’ tails when 
adult, hut have “ lu^terocercal ” tails when in the einhryonic 
condiiioii ; while (2) the raheozoie, and older Seeoiulary tish(5s 
liave almost invarialdy “ heterocercal ” tails when fully 
nrowti ; and we do not meet with homocercal hshes till we 
rcacli tlie durassie period. Many arguments have becai 
adduced iigainst this theory, the most important l)eing tlie 
fact, as shown by Huxley, that the so-called “ homocercal ” 
tail of the majority of existing lishes is only symmetrical by 
tlcceptive extm’ual a.p))ea.rance, and that it is in reality 
“ heterocercal.” On the other hand, the adult I'Jhfsniohiririrlili 
(if tlie iiresimt day have heterocercal tails, wluu’eas in their 
cinliiyos the caudal lin is homocercal. Tlie new ol.iserva- 
tiiius of A. Aga.ssiz would, however, go to show that the 
tlu'ory of the elder Agassiz is essentially correct. Thus it 
now appe.ars that the rijally earliest stage of the tail in the 
bony hshes and Idasmohrauchs is the “ leptocardial ” stage, 
ill which the tail is symmetrical and the notochord is straight, 
iiiul that the “ heterocercal ” condition constitutes a second 
stage, superseded in the former by the permanent “ homu- 
ccrcal” or “ diphycercal ” condition, Itut remaining through- 
out lite in the latter group. IMoreover, some of the ancient 
licvoiiiaii lishe.s have, as adults, a “ h'jitocardial ” tail; while 
others liave a more or less marked “ heterocercal ” tail ; but 
•uiiie ol tluuii naich the stage of a “ homocercal ” tail, such 
as that ol‘ the majority of living llonv lishes. 

As regards their general dldrihntiou in time, the geologi- 
cal liistory of lishes ])resents some points of peculiar interest. 
Ill all the chusses of the gnat sub-kingdom Veefdnrtta, the 
lislie.s are the lowest in ])oint of organi.sation. It might 
therelure liave been reasonably ex])ectcd that they would 
present us with the first indications of vertebrate lite upon 
Ihe globe ; and such is indeed the case. Aftm’ ])assing 
through the enoi'inous group of deposits known as the 
Taureiitian, Huronian, Cambrian, and Lower Silurian forma- 
ti^)^|^~~representing an immense lajise of time during which, 
lar as we yet know for certain, no vertelmite animal had 
heeii created — we find in the Upjier Silurian rocks the lirst 
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traces of undoubted fishes. The earliest of these, in Britain, 
is found in the l)ase of the Ludlow rocks (Lower Ludlow 
Sliide), and belonj^cs to tlie ])lacoganoid genus rtemspu. 
Also in the Ludlow rocks, but at the suiuiuit of tluur U))])(n' 
division, are found fin-spines and shagreen, probably belong- 
ing to Cestraciont fishes — -that is to say, to fishes of as In'oh 
a grade ot organisation as the Ehtsniohranvliii, In the l'|))>er 
Silurian of Lurope various remains of fishes liave likewisi' 
been found; but this formation in America has as yd 
yiidded no lish-remains. So abundant are the remains of 
fishes in tlu^ next great gcolo^i(^a,l e]X)ch — nanudy, the Br- 
vonian or Old Bed Sandstone — that this period has fiv- 
qiumtly been designated the “ Age of Fishes.” Most of tlu' 
tislies ol the f)ld Bed Sandstone belong to the ordm' (lanoidii. 
while the ord(‘r TJijmni is now represemted far the lirst tiiiii- 
In tile Carboniferous and Bermian rocks, wbich closii tlic 
Baheozoie ])eriod, most of the fishes are still (lanoid, but tlii‘ 
toriiKU' contain tbe remains of many Blagiostomous lislirs, 
At the close of the Bjda'ozoic and the commencement (d’ llit' 
^lesozoic e))Och, tla^ Oanoid fishes begin to lose that predoiiii- 
iiant position whieli tln'y before occn])ied, though they con- 
tinue to 1)0 r(*present(*d through the whole of tluj i\Ieso/.oii' 
and Xaino/oic ])eriods up to the pre.sent day. The (bnioiih, 
therefore, are an instance of a family which has endiiivil 
thi’oiigh the greati'r ])ait of geological time, but which ciirlv 
attained its maximum, and has been slowly dying out evci 
since. Towards the close of the iMe.sozoic jieriod (in tli'‘ 
Cr(;taceous ])eriod) the great ordm* of the, Teleostean or 
Bony fishes is for the first time known certainly to haV' 
mad(‘ its a])])eiiranc(c The orders of tlu; 
and riuirifiuji^hranrhii ha,ve not hdl, so fai' as is known, aiiv 
traces of their exi.steiice in past time. Judging from an- 
alogy, however, it is highly proliabh* that the two grou])s last 
meiitioned must hav(; had avast antbiuity, and in this connec- 
tion we must briefly (umsider the extraordinary litth' fossils 
which are known as ‘Mfonodoiits.” These bodies were fii'sf 
discovered by l*ander in the Silurian and Devonian cl 
Bu.ssia, and numerous forms of them wfun described aial 
figured by him in his great work on the fo.ssil fishes of that 
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country. Since that time they have been found in Iho 
Silurian, Devonian, and Carboniferous formations of Dritain 
luid Nortli America, and they liave been stilted to occur in 
later de])Osits (e.g., U})per Trias). As regiirds their dzr, th(' 



Fij;, Oiilliiii.'.'( tit’ sonii' ftiniis ol' “ (’iiniiiliiiits," ^jivatly t‘nlaiv:fil. a. A simiilt' ftirni 
(It K/ii.t, ramlt'i); ii, Transvfvsf scflitm t.f tin- same ; e ainl n, Two ctimiimiii.l lttllll^, 
imiathe Liover Siliniaii of lOissia ; i:. Aimtlier coiiiiMmiitl foiiii lima tlie Carlumifenms ot 
Nerlli Aiiieriea. (After I’antler ami Ncwtierry.) 

“ Coiiodoiils ” arc always very small, the most of tluan. ])er- 
between !i thirtieth and a twentieth of an inch in 
length ; though there arc other bodies a}>)iarently of the 
i^uiiie nature which soimdimes reach <1 timth or evmi a 
'luarter of an inch in hmgth. In their they iire ex- 
tnuiiely variable, thoiiyh iill the tyi)ical kinds have tin ex- 
cecdiiiuly close reseiiddance to the tetuli of different kinds 
'd I'ishes. Tlui simplest forms are slender cones, usually 
uioix! or less bent, hollow at the Itase, jtointed at the eml. 
^ritli shiiip o})posite margins (li^. 49.*!, a). Others (lly. 49 il, 
' ) consist of !i princi])al tooth, with a basal lu»ri/.ont:d ])ro- 
•css hearing a row of siniill teetli. Others, iigain, hiwe a 
cciiti'al primary tooth, Hanked by minor secondary cones on 
cadi side (iig. 49d, d), thus reminding one forcibly of the 
kadli of Ifj/lmlitfi. Others (tig. 493, e) have an elongated 
^'‘tsc carrying a row of small cones on one side, the central 
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teeth being the largest. It is impossihlc, liowever, to oivf, 
in this place any liirtlier exeniplilication of tlie great vari(‘iy 
of form exliihited by these singular luxlies. As regiinls 
their ic.diur, the Conodonts have shining enamelled smfaccs, 
and they appear to consist of a translucent horn-like Jimlr- 
riah In tnirnmvjtic sfrnetnre they are seen to consist of 
concentric laym-s of a minutely jmuctate tissue, which clust- 
ly resembh‘,s the sti-ucture of the shell of many Crustaceans, 
though not al)Solutely incom])atible with the theoiy tliat ne 
niiiy l)e dealing here with a peculiar form of dentinal tissue. 
Lastly, in (‘lirniiml romposi/io)), they consist of carbonate ot 
lime, with a notable taoportion of phospbate of linuc 

The above being the general characters of the “Conodonts,” 
it remains brielly to consider what their true nature Jiiay 
be. Ly Lander, who first dis('over(Ml them, and who gave 
a most careful and minute account of their peculiaritiis, 
they were regarded as being the teeth of Fishes, tliougii lie 
does not [lositively decide to what grou]) of this class they 
should be nderred. lie compares tliem with the ])alaliil 
teeth of certain Lercoid fishes; and though lu; recognises 
tlieir general likmiess to the minute teeth of (’yclostomateiis 
lishes, lie rejects this view of their allinities u])on the groiiml 
that- they cannot be shown to ])ossess tin; microscojiic denti- 
nal tubes wliich occur in these teeth. Owing to their gieiit 
antiepiity, mm-li dilliculty was felt by sciimtilic men in ac- 
cejiting Lander’s vimv that the “ (.'onodoiits ” were the teeth 
of Fishes ; and, after due examination, the high authority ot 
Lrofessor Owen was cast in favour of their belonging to 
Invertebrates, and having “most analogy with the spines, or 
booklets, or <lentieles, of naked Molluscs and Annelidcs. 
()n the other hand. Dr JIarh'y, alL'.r examining microscopi- 
cally a num])er of supjiosed “( bnodonts” from the “ Loiie- 
b<‘d ” of tlie hudlow ibianation (Upper Silurian), came to tlio 
conclusion that all the.se little bodies really belougiA to 
(jrustaceans, ]>roba])ly ]>rincipally to (.'eratiocaris. It is to 
be iioticed, however, that almost all of the forms figured by 
this observer under the name of “ Conodonts ” have little or 
no likeness to the typical forms of these bodies as described 
and figured by Lander, and are probaldy not rcidly “ Coao- 
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(louts” at all. Oilier views have lieeii advanced hy other 
authorities ; hut without entering into these further, it will 
lie sutfieient to note tliat I’rol'essor Newherry, one of our 
most distinguislied authorities upon fossil fishes, after an 
examination of a large nuinher of these bodies from tlie 
(’ailioniferous rocks of North America, has declared himself 
as inclined to the view that they are nmlly the minute 
teeth of Cyclostoniatous fishes allied to the living Lampreys 
and Hag-fishes. As these Lishes possess a cartilaginous 
skeleton and a scaleless skin, and have thus no other 
structures than their teeth whi(;h could ])ossihly lie pre- 
served in a fossil state, there is no o priori imi)rohal)ility 
in this view. Indeed, the fact that fishes of as high rank 
as tlie Oonoidri and Ebtsntohranrhii existed in tlu' U])|)er 
Siliuhm, would ri'inhu' it <[uite prohalh', that tin* much lower 
(irder of tlu* MorsiiHihnairhll had been developed in times 
as (‘arlv as the Lower Silurian or (. ambrian. 

In the umhicided state of this (piestion, we cannot posi- 
tively assert anything as to the past distribution of tlui 
}f<irsijiolr(ijir]rii If the “Conodonts” should ]U‘ove to be ri'ally 
the teetli of fishes like tlu; bampreys and Hags, then tliis 
order is the most anci(*nt of all the grou])s of the Fislu's, and 
must have b(‘en largely represented throughout the I’aheo- 
zeic jieriod. On this judut, at present, we can only sus])end 
"ur judgment. Tin; still lower order of the Phanjiojo- 
iirdiirhii^ imduding only the liviiig Laiicelet, may be safely 
ilisinis.sed fimti our con.sideration, as m* structures capable 
"f ])reservation in the fossil state are develo])ed in this 
‘U'der, (uid we can tlierefore never know anything as to its 
I'-'mi history. There remain, therefon*, for consiileration 
"idy the orders of tlu* Trirosfri (l‘ony fishes), (ioroiilrl 
(baiioids), EUmnohraHrJiii (Sharks and Lays), and Elpnoi 
(Hud-fishes). 



124 


C tlAPTEE XXXL 


()in)EJ:S OF FIHHFS. 

OliDKR T. TiiLKosTKf. — This order includes the great inajorily 
ut iisiu's ill wliicli tlieii! is a ■\vell-ossifie<l eudoskehitoii, ami 
it corres))()iids very nearly with Cuvier’s division of tlm 
“oss(‘()us” fishes. Tin', lUwsfd mv, defined as follows: 
J hi' slr/rfon i.s iifiii/tH?/ vrll usm/fril ; the er(niiv)ii is jirori.ih'il 
n'lth- i:r(())iii} hn/ir.'i, ntul a wandihle is 'j)resent ; irhilst Ih 
reetehrftJ rohnini (t/uiosl fdinff/s consists of Viore or less rom- 
plcfeli/ ossijici} rerhhra . TJw ju'cinrol areli hos o. e/ftrir/e ; mii 
the t>r<> pinrs of hnihs, ir/iru forxrnt, ore in. the foe in of /ins 
sifjijiortnl hjf ro/fs. The ifills a re free, jieetinoieil or tnfleil in 
sjiope, o honif (jill-eorer oinl hra nrh losteifiil rin/s heiiiff iiliemi^ 
(leeeh)[)i’(]. The to'iinejiuil ortenj hos its hose dereloped info <' 
todtois orteriosvs; hid this is nerer rhf/thinieottf/ eontroefile 
(Hid IS seiioroted from the rentrie/e J>i/ no ‘inore. them ei siin/^^' 
rom of rot res. 

Ihe seah's in th(‘ Tcleostean fishes are generally fliin. 
horny, fhvxihle jdalcxs, which ovcirlaji one another, and havi' 
the cycloid or ‘‘ ctenoid ” charactei’s. The order, therefeir. 
corresjHiiids in a. general way with the oiders Oteuoidei au'l 
(,i/iioidei, of Agassiz. Souk; (jf the Teleostean fishes, Ihov- 
eV(‘i', are jn’ovidccl with nonoid scaliNS. 

excluding th(! Jjeptoli'indo'^ which are soinetiines relerrml 
to this order, the Tehostei do not seem to have any I'cjnv- 
smilatives in times anterior to the (Cretaceous period— f hat 
is, towards the closi; of tla; Mesozoic period. Trom this 
time on, howevei-, llony fishes with cycloid or cteiioi^l 
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scales arc the cliicf fossil repr(3S(‘iiUitivcs of llie wiiolc class 
of the lislics, and the order appears to liave attained its 
iiiaxiuuiiii at tlic pi'csent day. 

The order Tdcodd is divided into tlie following- jsiP,. 
(inlei's : — ^ 

Si.’ii-oliDKK A. Mai.acui‘TI'1:t, Owen (- Phi/sodouui/a, 
yiiiller). — Tliis sub-order is delined )»y usually possessiiiL;' a 
(oiiiplete. set of tins, su]t])orted by rays, all of wliicli are 
"siijl” or iiiany-joiiibid, with the oe.eaisioiial exce])tion of 
ihe first rays in the dorsal and pectoral hus. x\ swiin- 
liladilei' is always present, and always coinniunieates with 
die <eso])lateus by nie;ins of a duet, which is the lioiiiohj^ue 
()l the windpipe. The skin is rarely naked, and is niostly 
furiiislied with cycloid scab's; but in some eases ganoid 
plates are ])resent. 

llie more im]H)rtant iamilies (;om])rised in this sub-oi'der 
are the Mimndda: (Mels), the ClupritUr (Iferrings), the 
hikes (Emcidu')^ the Sheat-lislies {Siluridtr), the (Jifpi'lnidd: 
(( ar[i, Chnl), llarbel, Ac,), and the Sfd mondhe (Salmon and 
li'out). None ot these Iamilies attain any great develcp- 
iiieiit ])i'ior to the Tertiary jicriod, though several of them 
iippear in the Cretaceous. Thus tlu; <'enus Clsmnvidrs (lig. 
-Ih-l) includes Cretaceous representatives of the Eahiionidif ; 



Ibe genus Pchronipls, of the same I'ormatitm, may be allied 
h' the living ; and we may ])erhaps ])lace in the 

’"'ighbourhood ot the Pikes (Esocido) the Cretaceous genera 
Enrhudas, Elratodus, r(«'lii/rlti,:odi(s, Ac. 'flie Clujieoids seem 
'tlso to be representetl by allied forms at this eomiuiratively 
cail^ period ; but the Cifpnnuhv and Mnnrnida do not 
'hT^“!ir till the Tertiary period is reached. Prom a paheon- 
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tological point of view, however, the most important gr(m|, 
of the Mnhfcoph'rl is tluit of tlie Slieat-lislies (Slliirulu’ 
The importance of this group does not arise from tlip 
occurren(*,e of nia,ny fossil tislies wliicli can he delinilclv 
referred to it, hut from its relationsliip, on tlie om*. IiuikI 
to tlie “Saurodont” lishes of tlai Cretaceous, and, on 
the other liand, to the much more ancient group of tin 
“ riacoderms ” of the Silurian and Devonian. The livinn 
forms ar(‘ chielly noticeahle hecause they an; amongst llic 
small numher of living fishes jiossessed of structures of Hi,. 
saiiK* nature as the fossil spin(‘s known as “ iclithyodoni- 
lites.” The structure in qiu'stion consists of the first niv 
of tlu^ ])(‘ctoral tins, which is largely devel()[)ed and consti- 
tutes a formidalde spine, which the animal can erect ainl 
diipri'ss at phnisure. Unlike the old “ ichthyodorulitcs, ' 
however, tlu; spines of the Siliirulir have their bases modi- 
lied for articulation with another hone, and they are iidt 
simply hollow and implanted in tlu; llesh. The luiail i> 
jirotected by an exoskeleton of dermal hones, thus coiniii.; 
to resemble structures with wliich tlie paheontologist is 
familiar in tlie head-shields of the extraordinary P/nvspiK 
r/rnrlifJi I/s, (Jorcoskus, and other I'aheozoic Placodcine. 
The latt(‘r a))j)ear, howi'vm-, to he truly (hinoids; hut w 
may more; safedy ])lace in the neighl)ourhood of the “ Silu- 
roids ” the large and important Cretaceous family of tin' 



‘CSanrodont ” lishes, ty])ilied by such genera as l^rrlln'vs (lig 
40 oj, Ichf.hyodrcfcs, Daptinns, Tfi/psodon, S(f((rocrph(dii>^, 
various idlied torms. The fishes of this group were all ciU' 
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iiivoi'Oiis ill tlieir liabits, and often attaiiu'd a very large .size, 

1 11(1 they liave been detected in e.oinparatively large nuiii- 
]i(.rs on the same geological liorizon botli in hhirope and 
Xoi'th America. In this family the first ray of the lu'ctoral 
fins forms a formidable ddensive weapon ; but tlie most 
striking character is found in the greatly - developed and 
powerful teeth, which may be etpial or une(pial in size, and 
are, sometimes cylindrical, .sometimes comprosst-d and lancet- 
sliiqH'd. 

Suii-oimKii 11. Anacaxtiiini. — T his sub-order is <lislin- 
'ghshial by the fact that the fins are entindy sujtported by 
"soft” rays, and never possess “spiny” rays; whilst the 
ventral fins are eitlau' wanting, or, if preseiil, are placed 
inuler tlu; throat, biiiu'ath or in advance (»f the fiectorals, 
1111(1 supported by the pectoral arch. The swim-bladiler 
niay lie wanting, but when })resent it does not commnnii'aie 
with tlie (esophagus by a. duet. 

The only important families in this sub-order aie the 
(huHdiv ((’od family) and the Jdriiri>ii<rfi(/(r (Flat - lislu's). 
The (hiduhr, cointii'ise the living ('od, Haddock, A’liiting, 
ih'., and afipear to date their e.xisttmce from the J’locene 
I'trliary. The riivroncduhr comprise the living Sole, 
Idoiimler, l’laic(‘, and the like, in whicdi the liodv is \ery 
iiiueh com])res,sed from side to side, ;ind is liordered by long 
dorsal and anal lins. The liones of the luaid are twisted in 
such a manner that both eyes are lirongbt to one sid(* of the 
hotly. The fish lumps this side upjiermost, and is dark- 
c'lloured on this aspect; whilst the opjiosite side, on whiidi 
k rests, is white. The mouth has the two sidi's uiUMpial, 
the p('ctorals are rarely of the same size, 11 h> ventrals loid': 
hk(i a continuation of the anal tin, and the branchiosiegal 
rays arc six in number. The JdrKroiurtii/a: are only known 
'’,V two or three fossils, of which the oldest is tin* little 
l'dii>iid)us iiiinimus (fig. 49()) of the Kocene deposits of Monte 
holca. 

SuH-oi!i)K.ii ('. AoAXTiiOiTEiti. — This .suli'order is char- 
actci'iscd by the fact that one or more of the first rays in 
tins are in the form of true, unjointed, inllexiblc. 

^l’ii>y” rays. The exoskeleton consi.sts, as a rule, of 



Fi-. ■iM.—lHuimbns minim-H.-i. A siiiiill lns.sil Tiirliot IVum tlie FdCfiii: 'IVrtiiiry ol 
MnliU: IF.lcii. 

i liF cliicl living fjxinilics of tliis siil)-or(l(',i‘ in’o tln^ Pen 
family (Jhrulfr), tlui Mullols tiui iMiicken 

I'amily {Sconihrruhr)^ the (liirniirds (Sclrroffniuhr)^ the J5l('ii 
nies ( llinniiuia), tlie (Jofties and tlie ( 'hietocldii 

{('](irlo(lviif ido), TIk; fossil r(!j>resentatives of tin’s siih'imh 
an* mainly Tertiary ; hut the genus 7>V/7/,e (fig. 497) daU‘ 



Fi;^. 4 ;i 7.— y.’rci/f I.' ii'isiriisi.H. A IVrcoitl lifili IVoiii tlie Cliiilk. 


from th(* ( 'I’etmteous ])eriod. The (h’litaeeous ' 

also ]iroltahly an aneient rejyrosentative of the Mullets, i’ 
the Eocene Tertiary of Monte llolca occur several renuU'k 
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The, ventral iliis are generally wanting, and tla; air-lTnlihi 
is (h'stitnte of a duct. 

This snb-order includes tlu^ living Trunk-lishes {(htruviuH. 
/h/e ), Til(!-lislies {l>allsti(l(r), and ( ! lohe-lishes {(! niinioilinitiihi ] 
Tlie fossil loi-nis are few in nuniher, and tlie earliest date from 
tlu' lM)eene Tertiary. They are chielly notieeahle for the iv- 
send.ilance to the true (Jaiioid fishes, ja'odncetl hy their pai- 
tiidly ossified endoskeletoii and hy their ])oss('.ssi(ni of 
scah's. 

Si;i!-oi{i)EU E. LoniotutANCiiit.— This is a small and im- 
im]H)rtiint grouj), mainly (‘haracterised hy the' peculiar stnir- 
liire, of the gills, which are ari’anged in little tufts npdii th 
hraiiehial arches, instiaid of rorming condi-lik(3 ])lates, as in 
flic typical r>ony iislu's. Th(3 endosktdeton is only i)arli:illv 
converted into hone, and th(3 c'xoskeleton, hy wav ol‘ com- 
]»ensation, ('(uisists of ganoid ]»lates. The swim-hladdei' s 
destitute of an air-din t. 

This suh-order comprises tlu! living ripe-lishes (N///c//c'- 
Ihidu') and Sea-horses {Jfliiiniciniiplilff A few fossil foniis 
arc', known, dating from the, Imiccciu! Tertiary. 

Okdku II. (_l.VNOi]*t:[. — - The order of the (lanoid iislic 
may he defined lyy the following characters: T/ir c 

is oiih/ jHiduflli/ ossifla/, (hr rrrirhnd roliinni /indll! 
I'riiHflniii// cn rt lltKii iiDiis fliroiifflioiff. Itfr, ispcrudlii (nnonifsl Ih 
t' fiiirl foi'iiis nf till’ Idlmoiir pirunl, ui ■u'lnrh (hr iiofurhoid '' 
oft I'll prrslsfriil. Thr si, nil Is fnnilshiil irifli ilisfliirt rrmu"' 
hniii’s, i/nil (hr loii'i-r jnir is prrsrnl. Tlii' r.rosh'rlriun is in fhrfnrui 
Ilf ijinioiil si'iilrs, jiluti’s, or spiui’s. Thnr iirr vsinillif fim jinii ' 
of liuihs, ill (hr foriti of Jins, rorh, snpporti'd hi/ Jiii-roifs. Tf 
Jirst riiifs of (hr Jins orr rnoslli/ in (hr J'onn of siroiuj s/im^s 
Thr jh'i'torid nrrli lios n clindrlr, ond (hr, jiostrrior liiiihs 
Jins) orr plorril r.losi: (o (hr, onns. Thr ronihd Jin, is iindhl 
n nsi/ni nir( ri.nd or ^dirtrrorrrridj hnl is sonirtiiiirs honiorrrrnl- 
Thr sn'i in-h(oi(drr 'ih idii’oi/s 'prrsrnl, is ojtrn rrllidor, nini 
proriilrd with, on oir-diirt. Thr, inirstinr is ojlrn, J'liriusir'^ 
'inilli o spirol Tolrr. Thr (fills and oprrcnlor o/ijiorolns a/'* 
rssrntiollif (hr sonir os 'in thr Jhni/ Jlshrs. Thr hrort hns on 
onrkir ond, o, rrnlridr, ond (he hosr of (hr hronrhiid orln'i/ ''' 
ililotrd into o hnihn.s artcriosns, vdiirh, is ‘rhythinindly ronid’" 
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fill' is furnished v'ith. a diMinct md of striedcd muscular 
luiil is prodded wilk sereral iransversc rows of valves. 

Of iluiSd cliarjicters, those whic^li it is most important to 
rciiioiulx'r are tlie followiiie; ; — 

1. Tlie endoskelefou, is rarely tlioronglily ossified, hut varies 
;i nood deal as to the extent to which ossification is carried. 
Ill some forms, incliidino most of the older nuouhers of tlus 
links', tlie chorda dorsalis is persistent, no vertehral centra 
an; deveJojied, and the skull is cartilaginous, and is protected 
liy 'ganoid plates. Even in these forms, however, the ])eri- 
jihcral ehaiients of the vertelme may he ossified. In others, 
llu' liodies of the vertehra* are mark(‘d out hy osseous or 
sciiii-cartihginous rings, miclosing the ]>rimitive matter of tlu' 
iiotiH'liord. In others, the vm'tehi'a' are like those of the 
lioiiy lishes — that is to say, deeidy l.iiconcave or “amphi- 
('(clous.” In one (Janoid, however — the Eony hike (Ltpi- 
iliistciis ) — the vertebral column consists of a series of opis- 
tlioco'loiis ” \'ertehra‘ — that is to say, vertelme which an* 
convex in front and concave behind. This is the highest 
point of development reached in the spinal column of any 
lisli, and its structure is moi'e Iteptilian tlian Eiscine. 

T The evoshehleru consists, in all flanoid fishes in which 
it is pi'csciit, of scales, platt's, or sjtines, which are said to 
]iossi‘ss ifoiioid^ characters. The jiecidiarities of these scales 
arc that they are conpioscd of two distinct layers an inferior 
layer nf boin* and a superficial covering of a kind of ciiaimd, 
''Oiiuivhat similar to the enamel of tlie teeth, called “ gaiioine.’' 
Ill lortii the ganoid scides most generally exhihit themselves 
as rlioniboidal plates, ]daeed edge to edge, without overlap- 
]>nig, in obliipic rows (fig. 4h9), the plati^s of each row bidng 
"Iteii articulated to those of the next by distinct ]>rocesses. 
Ill ether cases the ganoid strnctnres are sinqdy in the form 
"1 detached jilates, tubercles, or spines ; and in some cases 
bicir slatpr is undistinguishable from the horny scales of the 
h'picaf Teleostean lishes, being circular and overlapjiing. It 
fe be remembered, however, that these (jauoid ]dates and 
arales are, not confined to the fishes of the order Gauoidei, 
that they occur in two sub-orders of the Eony fislies 
namely, the Pledoijnathi and Loidiohrancldi — and in some 



jicctonil (ins. sliowin;' (lir (in -niys .•irnm;j:cil romitl :i cfiitra) lulm ; h, (Jini cl’ l.ln 
liiiH ; ( , Anal tin ; d, Dorsal (in ; d', Hcvond dorsal (in. 


(jxtiiict forms the fin-rays of tlie pain'd fins are arraiii 
as to form a friime round a central lohe (fi'^ 500). 
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^ti'iu'turo cliaracterises a division of Ganoids callc.d by lliix- 
]ev I'oi' tl'iy I'eason, or “ IVinj^c-tiniiod.” TIk' 

IV.riii of tlic caudal iin varies, the Ganoids beiii.i;- in tliis r(- 
s|,(‘i't inti'.riiaaliate between tlie Dony fislies, iii wliicli the 
Ciil is “ lioniocercai;’ and tlie Sliarks and hays, in wliieh 
there is a “ lieterocercal ” caudal iin. In the inajority oi 
Ciinohls, then, the tail is nnsynnnetrical or ‘Mieterocercal,” 
Imt it is sometimes eijni-lobed or “ homoeercal.” 

The liviiiLf of Ganoids are exclusively or mainly 

inhahitants of iVesh waters; but many of tlie extinct iorms 
(KX'ui' >’> association willi marine animals, and must tliendon- 
lie assiiniesl to liav(' inhabitisl tlie sea. Gthers, a;j;ain, are 
foaiul in undoubted lacustrine deposits; and lastly, there are 
iith(‘rs which are ibiiml in lieds whei’e there are no otlu.-r 
fossils which can bc! certainly asserted to havi*. lived either 
ill fresh or salt water ; and as to tlie mode of life ol these 
we must at ]iresmit rmnain in doubt. 

As ivu'ards their ^’eneral dh! rihution, iu (line, the oldest 
iv|ir(‘seutatives of the lishes ludonu', so lar as is yet known 
with certainty, to this order. The order, namely, is i'i'|)re- 
seiiled ill the l'])|)er Silurian rocks of llohemia and llritain 
Ity several Ganoid lishi's, which have been referred to liv(‘ 
ilisliiu't j^ciu'ra. In the Devonian rocks, or Dhl Ihnl Sand- 
stone, the Ganoids attain their niaximum. The singular 
family of the C(j}]t(if<ixpi(hr apjicars to die out. linally at 
tlu‘ lilose of this period, and the j^ri'af u,Tonp of the Crosso- 
attained here its hiithest develojunent, lu'iny repre- 
sented at the present day by the sinyle uiuius rohjpti'ru^. 
The Carboniferous and Permian rocks contain an abundance 
"f bejiidoj^anoids. In the Meso/oic ])eriod, the Lepidoganoids 
are vmy largely re}U'esented by various extinct tv])es, many 
"f which belong' to the family of the Lj>idoslci<l<r — repre- 
sented at the ])rcsent day by the Pony Pike or Gar-])ike ol 
^orth America, lien*, also, we have for the first lime, rc})- 
I'esentatives of the family of the C/ioiid rosft'uhf, to which the 
liriiij^' Sturgeons belong. Lastly, in the Oolitic rocks ap]H'ar 
ha' the fii-st time Lepidoganoids with homoeercal tails, and 
they continue to be represented up to the present day. In 
the Tertiary rocks true Sturgeons {Acipenser) make their 
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appearance ; l)nt tlie (Janoids are now considerably (me 
numbered by tlie Teleostean iislies ; and tlie bitter Imvi, 
a still more marked ]»redominan(‘e at tlie present day. 

The r/f/ssijh-ftf ion, of the (lanoid li.slies has hitherto ]ir()V(‘il 
a matter of considerable diflicnlty ; and probably no lUTaiim'- 
ment that has been as yet ])ro])osed can be ren'ardeil :is 
beiny', in all its details, more than jirovisionab A coiivimi- 
ent ])rimary division is that into .Lfjn'(/o;foiioiii.^, in wliidi 
the body is furnished with scales of moderate size, and llir 
eiidoskeleton is generally more or less ])erfi‘etly ossilied ; anil 
J'/i/ro(firnol<Js, in whi(*h lhi‘ skehitoii is imjierfeelly ossitiiMl, 
and the head and more or less of the body are iirolecti'd 
by largi' ganoid ]dates, whieh in many (-ases ari' imitcil 
togrdher by sntnres. Accejiting this division, ihe onbr 
(id.tioidri may be divided into the following sub-mahas : 

SkcTIOX 1. LeP11)0(1,\X01J)1::I. 

A. .1 iin(((ht. 

,, It Li Iilildstf ol<(. 

t/'. LliihlsaiHHhr. 

\). ( ■ i'ii,^^iil>fn'ilillilif, 

,, K. Adt ii(liii(hdo . 

S iwTiox 2. — 1* r,AC( )< ; .\ xoi i > i:i . 

Siih-ordcr F. < ixtrnmAii. 

,, (r. ('Ili)il(lfiisti:l<lii, 

The ])Osition of at least two of th(‘S(* siib-oiders 

and (M raro.sfri) in tin* oi'der of tin* (lanoids 
([Uestionai.de. In any casi*, tlu; niimbei“ of foiaiis imdudid 
in th(!se snlt-orders is so large, that nothing nioiH' can Iv 
done hmn than simply to draw attention to some of tb' 
more striking exanijdes of each. 

Sl'ii-oKOKi; A. AmiaicK. — In this sub-order are ineliidcl 
(lanoids in which tliii scales are rounded and overlap "iif 
another, and tin; tail is slightly heterocereal. The vertehral 
column is o.ssified, and the (‘xternal a))]tearance ap])roaclii‘S 
closely to that of an ordinary Teleostean lish. A |ira“-o]"'i'- 
culum is ju’eseiit, with branch iost(\ga.l rays, a median jugulai' 
plate, and non-lobate })aired lins. This division is rejaa- 
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seiitotl .'it tlie presi'iit (l;iy by the Trout-like I)oi;-fishe,s ” 
(A,nu<) ‘^1 the North American lakes; and forms only 
s]i(‘citicrilly se]tarahle from the recent ones occur in the 
Tertiary formations of the same country. No ])re-Tertiary 
examples of the <frou]) are as yet knoxvn ; though it is by 
110 means im])Ossible that some Mesozoic forms may ulli- 
iiiately prove to l>e Amioids. 

Sl'i;-o]ii)Kii r>. Lkimdostkid.f.. Seales rhomlutidal, not 
overlapping; tail lieteroccrcal, sometimes homocercal ; paired 
tins not lo]>ate; tin-liorders generally with fulcral scales; 
lirancliinstegal rays not modilietl to form “jugular ])lates.” 
This sub-order is reju’esented at the ju'csent day by the 
(hn'-]iike (Lcpidos/ftis, (ig. dbO, a) of tlu' Xorth Ammican 
eoiitiiieut, and it attaiiu'd its greatest (hwelojuneni in the. 
Mesozoic period. 'I 1 ie exact range of the sub-ord(‘r in time 
is iiueertain, as it has not yi't been diTermined what forms 
should be included in it. The oldest known tyiie is the 
t'/ez/oApA of the llevoniau, which has been shown by Dr 
'ri'iKluair to bi* allied to iM/ovm/.sv/os. Jn the (hirboniferoiis 
and reriiiian rocks tlu* suli-order is mainly represented hy 
llie genera, Ditirun and Anihlifiilcnis (lig. oDl), in which 



the tail is heteroci'rcal, and the jaws an* furnished with 
numerous minute teidh. Numerous species of these genera, 
■Re known in the above-mentioned formations, and bolli 
‘T'l'nar tor the last time in the Trias. lUdoiiging to the 
^miie tuiuily as the ]ireceding (/MArouosvAAr) are various 
knuera Ironi the rp])er raheozoic rocks, such as /h///ep/erzfs, 
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j\>')!K/foi)fifcJiin^, Oonnlotlifs, Ci/rloptifr/iins, In tlic Sooon- 
(laiy rocks LrpKJosfnds an; cxtrornely aliundaiit, the cliiif 
iorms IxdoiiniiiL!: to the families Dapedida', Lrjiiilof ida\ aji,! 
]j('ph)h'pidi('. Ill tlie J)<(prdid<r (tii;'. 5(12, 1), the tail-tin 
is only slightly heteroeercal, (he scales ari' interlocked ky 
(xys and sockets, and the liack teeth are ohtuse. Ddprdlus 



itst'K is compressed and dety - hodied, and is ('xelu^ivelv 
conlined to the Lias. The front teeth in this yiaiiis aiv 
tv|iically notdied or hifurcate. Tlie dnrassic yh'rluiioiln^ 
(liy. 51)5) has lieen separated from Th/pn/liis upon llu' 
.ai'oiind that the teeth have iinicnspidati* crdwiis ; hut tlii> 
alleged distinction has l)een shown to he, neither coiislaiit 
nor reliahle, and the former name must therefore I'f 
ahaiidoned. Tliii fliirassic yieims 7 'rf nfffonolrpls is closely 
allied to Jh/jirdhis, e.sjx'cially in its ynaitly com])ressed hedv 
and its sinjyle loiyi^ dorsal fin ; hut, as shown hy (hieustedt 

1 CoTitr.'iry to tin* views wliicli Ixive iisiiiilly iH-eii held l)y ielithynlo;^isls. 
Dr Ir.upiair lias exjiresscd the opinion that the /‘tilaDvisn'i/a: (as also tlir 
rijUiisoinulfr) are more nearly allied to the Aei])en.seroids than to the J/i"- 
(h Hit c Ida'. 
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1 I'l.ilip wticuliitio" of tlic scales, insUsol 

l,v iK-s and sockcls, as in Dopfdnix, ralhei' vi-- 
",,;tl,at of the, “I'ycnodonts,” fo ^vhicl. tl.c gcnns is 
' l.isclv allied Kncl, scale, namely, bears upon its 



1 : I 


„,avards l.eyond tbc nun-in of the scale am sliced oil 
„l,li,,„clv above and below, on oiM.osite sides, lor lormm;4 
si.liccs with the corn'Siionding i.rocesses „t nd)oiniii;^ scales 
The Lqiiihifiihr have a honiocereal tall (litt- o()^, e), am 
anssess obtuse teeth. The lype-yenns, X,ym/e/n.s, ranges 
fiMiii the Lias to the T.oceiie Tertiary. Ihe, .e/MMym e 
(he r.iu’ ■’)l,ave also a honiocereal tail, and imssess .smalt 
maiidcd scales. The s|iccies of this family are all Secondary 

ill llieir distviliutioii. . 

Accovdiii'^ to the resi'Mivlies of Tra([iinir, the \vell-ai(AMi 
-rtiui) of SeeoiuhiW fislies eoinl.rised under the name o 
hirnoiloiifiihr, should really hcplaee.l under the Lqiidosteids, 
I'iitlicr than Avilh the Jlulif-'ioni ■> lum usuallv n.oi ( » n . 
Ill this -roujithe body is rlioinhoidal and conn.ressed, ami 
roviacd ^vilh rhoinhie scales, ’while the tt'c'th an (haiatti ii 
tirally hluiit and rounded. In the true Pymiodonts the teeth 
(ii- and) are multiserial, and are adapted lor erushino; 
cousistin- of “ a circular or transversely oval crown, 1 attemal 
ahove, and sessile on the hone to which it is .ittai lu , ^ 
at' an obtusely conical crown, which is hroader than its 
I'rdiuiclc of siqiport” (Young). dhen* aie l^jiic-i } na 
I’aws of teeth on the vomer, while the lower jav ‘j 

aon'e.spoiiding series of three, lour, or live lovs ol^i 
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})lates. Tlio Vycnodoiity (Pjiciioilm, ((//rodiis, 

dan, ;ire pi inci])nlly Jm-assic ; Ijiit tlioro aro vaiion 

Cretaceous tbrins, and a lew lb»eene and ]\li(>cene tyjK's m, 



Kli.'. Mll l-icc I.f tlic viiiiHT i)i‘ Ciihiilii'i s, slinwiii;,' the niws 

cniaiiiiK Crct.-iccniis. (Aft.T Sir I’liilip l^vrtMii!) 

known. Tlie Triassio P/atodita, Ibi'ineily referred to tlii" 
faniily, is now knowji to lie Irnly Itejitilian. 

Si i',-oi;i)i:a (k I'latvsomid.i.;.! - The lislies ineliuh'd in 
this division are mainly Cailioniferoiis and I'erniiaii, an'l 
]iav(! a close o-eiieral |•es(‘nlhlance to tlu* I’ycnodonls. Tin' 
body is dee}) and coin])ressed ; and the scales ani rlioiH' 

’ The S(‘{i:iia1i()ii of tlio I'lfnioduiil.s niid Ji(tfjf.si)/iiid<r, iiml tlu; 
llic hitter to the i;iiik of a di.sline.t division of Oaiuiids are in aecoi'daiiee 
file views of Dr Tr:n|nair, our orca first authority upon the suhji'ct of the I'essil 
lidies. In this eoiineetiou the author has tn return his best tiianks tc l’>' 
Ti-aijuair for the peruiissioii to niake use of Ids researelies on this suhje^' 
wliieh will sliorlly appear in the ‘ 'f’ransaetions id' the Itoyal Soeiety "f I'M'"' 
})nr;^di,’ hnl whieh are as yet unpntilislied. The author lias also to evatetiiHy 
aeknowled;,'o niueli other fi ieiidly ussistanee as regards tlie fossil lislies hem 
tlie same source. 
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ni'ti ciliated to oiici aiiotln'r by ])rocesses 
,l,.\i‘lo])ed oil the iiitenial .siirtac(i of tlicir anterior margins. 
In the uenus fldfifsonniH (lig. oOo) tlie tail is lieterocoreal, 
llin dorsal and anal lins are long, the peetorals are small, 
and the v^mtrals a])pear to be wanting. The badh aiv, 
niineal and iiiiiserial, and the body is deep and compressed 



Iroiii side to side. The rhitu^omi an; mainly found in tlie 
hninian mrhs. Another gmuis of this family is the (air- 
l>nidl'ei'ons (VooVode.s of ^Id'oy ( - - Jiitpliirriifr(n)i), in whicdi 
file liody is deej) and rhomliie ; the scales are high and 
'iiiiTow ; and the Iront of the jaws is (‘dentnlons, while 
die palate and hiinh'r portion of the mandihh* an^ fnrnislnHl 
^vilii ridges carrying “small tnlu-rcnlar tooth -like ele.va- 
'ii'iis” (Traiimiir). The other geina’a imdnded by Traqnair 
ill the I'aniily of the l*}tif)f.‘<(nii hln' are Ek rtinol JlriifiEii iiis, 
.y'dih'liis, Enri/iioiiiii^, and IVan/irlitli/is. 

3i'i’.-oi:iiKi; I). ( 'uossoiTKKVCiim'.. — “1 dorsal lins two, or, 
il siiigpg ninltitid or yery long; the ]>ectoral. and usually the 
'’eutral, lins lohate ; no branchiostegal rays, but two ])rincipal, 
''’ilh sonietinnes lateral and median, jugular ])lales. situated 
i'^'t^H'cn the rami of the mandihle ; caudal lin dipliycercal, 
ei lieterocereal ; scales cycloid or rhomboid, smooth or sculp- 
-(Huxley.) 

All the (ianoids of this sub-ordi'r are pre-emim'iitly dis- 
diigiiished by the structure of the ])a.ired tins, the jicctorals 
‘idvays^ and the ventrals usually, consisting of a central lohe 
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or stem, which is covered by scales, mid to the sides of wind, 
the tin- rays are attached. The nearest a|)proacli tu llii^ 
structure amoii^i;'st liviiu^ fishes is found in the paired tins nt 
the Harranmnda. Forsicri) of tlie rivers of hhu'ciis- 

land. In this sinj^ailar fisli, wliicli is riderable to the oiilci 
of the Dip/iol, tlie ])ectoral and ventral fins are siipporled liv 
a iiKMlian, maiiy-jointed, cartila-uinous rod, to wliicdi nunieims 
lateral Iminches are attaclied (lii;'. 4S9). The scales in iliiv 
suli-ord(‘r are sometimes rhomhoidal, not overla])])in^ oin 
another; at other times tliey are cycloidal in s]ia])e, and aiv 
;irrani;(Hl in an imbricate; manner. 

Trofessor nu.xlev, in his classical memoir upon the Fussl 
(danoids, divides the (/i'(is>i(>pfrri/t/i<J(r into the Ibllowing tain 
ilies (.SVC ‘Memoirs of the ( leolot^ical Sui'vey of flivni 
Hritaiii. Idecade; X.’) : — 

Fani. 1.— Ponvi’TKRixr. 

Dorsal lin very inultifid ; scales rliondeoidal. 

Vnhjpli'ni^ (liy. oOO). 

] ’am . 2. - S A r I i o 1 ) r r T i: u T X T. 

Dorsal fins two ; scales rhomhoidal, smootli ; tins siih-aculi Iv 

lol>ale. 

J)ijilf)l>trnin, iK'ihitb'pis (tig. 500), 

Fain. ;3.~ (iLYPTODii’Tinoxi. 

Dorsal tins two; scales rlioniboidal or cvilf)idal, scnl|iliUY'l : 
])ectoial tins acutely l(»l»ate ; dentition deiidi-odoiit. 

Suh-fain. A. with rhomhoidal scales. 

(Ililjilolti'iini.'t (tiif. 500), (llijpfdjfomiitf, 

Snl)-fain. 13. with cycloidal scales. 

Jfnlnph/rhiiis 507), < VlnhjfJtinihdH [/.'/o 

I frilil I'ml t 'ni'DiJ IIXj 

Fam . 4. - ( >r i; x o n i pt e ii i x r. 

J)orsul tins two; st^alcs cycloi<lal ; pectorals and ventrals acuti l,' 
lohate ; dentition ctenoilont. 

JbptrriiH [(Jtu'nfoiln.^ / Trlsl irhoph.i'ni^ .^] 

Fa m . 5. — P j 1 A M-; 110 1 ’ I, n i ; ii i x i . 

Diusiil tin sinL;li‘, veiy lony, not .subdivided, sup])orted by iioie 
interspinous l)ones ; scales thin, cycloidal; teeth conical, cm 
tral tins very b)nj^% acutely lohate. 

riuiiu rophiaron (liyn 510). 
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(;._.(J(KLACANTH]NI. 

Dorsal tins two, eiich supported l)y a single intcrspinous 1)ouo; 
scales cycloidal; ])aired (ins olduscdy loliate ; air-bladder 
OBsilied. CidaaiutliUii, Uinlina^ Macroijoma. 

As rt'"aT(ls tlic above arraiii^eiaeitt of tlu* Crnmqdn'jiffuh.c, 
the cliie'l' wliicli lias been eHecteil by ree.ent researclies 
relaitis b) ilie ;^i'()n)» of Ibe (Uviiudlptcruii Thus, it lias been 
shown Unit Ccridodiix and Jh'ptirif.s are not only (dosely allied 
to uiie aiiotlier, but tliat the IbriiKn' is related to Lrpiilosurn 
liv (‘liaracters vbieh a])))ear to liave an ordinal value. Tris- 
lirJi(ij>h'ni>i, on the other band, has been shown by Trai|uaii' 
to holoihit to the cyeliferous division of the (Hinilddlfihruii. 
riie result of this is tliat the oroup of the C/rKodiji/rrlul 
iiuist he removed from association with the ( 'rossopteryyions 
ihuioids, and must stand in futuri' as a seel ion of the order 
Dljinol. The only abvrnative ste]» is to riMluee I he HijiHai 
fi'oiii the rank of an order to that of a mere section oi' tlie 
^Unundfl. The ])resent condition of (uir knowh‘(lL;(‘ of tliis 
siihji'ct will jn’obably b(‘ bi‘st (‘Xjtressod il wi* sulijoin here 
the following table, showing the classilication of ilie (Vo.s.soy/- 
lu'iiiiidd' ])roposed by Dr Traqiiair (Trans. Itoy. Soc. Kdin,. 
vi)l. xxvii.) ; - 


Skctios 1.— Caudal diphyccival, but with .^luMlciinl l.odv-a\is, 1 )mi- 
■ih liu. iiuillifid, ])i*clurals obtusely lobatc, scales rhomIioi<lal. 

Fain. 1. Polvjileridie (/’e/z/y^/' /acs-, tUti/ae/cD/o/.';). 

Skc i'[()N 11. — Caudal ^vith elongated attenualeil body -axis, heteroceo ai 
‘'i' 'li|thycercal. 

A. I’ectorals obtusely lobate, tail diphvcercal, doieal fins two, 
scales cycloidal, air-bladder ossitied. 

Fain. ’2. -Ciclacantliida' [C’l lura MarnutoitKi, 
lloUrqUiUjud). 

1*1. I’ectorals snb-acutely lobate, dorsal tins two, tail lieteroeiu cal oi 
di[)hv cereal. 

c. Scales rlioinboidal. 

Fain. 3. — Ithoinbodipteridie. 

* Scales .sciiliitured. 

Sul)-lain. -(Jlyiitola'iniiii {Gliqitolantu^^, Chjii- 
iojMnnis). 

** Seales siiiootli. 



142 


ORDERS OF FISHES. 


Snlt'fam. — Saurodiptcriiii {Usteolqris, Dijiluj,. 

Irnitt, Majalichthijs), 
h. Si'iiles cyclniiLil, sciiljitured. 

Fam. 4. — ('ycl()di|tt(‘ri<l;o (Trial irlioptcrv:^, 
jifiirhiiis ((), Uhizodua, lilazodupaia, Stirpsidn. 
Arrl.irhthi,s(l)). 

( ■• l\‘( l()rals acutidy lol^ati-, scales cycloidal. 

II. Dorsal liiis two, vciitrals suh-aciitcly lobalc, sciL- 
tliick, scidptiircd. 

Fain. T).- llidojdycliiida) (Jfiditjilijrliina, Uliipliilijii.^, 
Ilrndi'odii.a (I), ('riciidiia (I) ). 
f>. Dorsal tin cltm^alcd, coiitiniioiis with tin* iijipcr pm 
of lln‘ caudal ; ventral fins acutely lohate; scales tliin. 

Fain. Fliaiieropleuruhu (/Vw/ure^dm/re//, Hr,- 

■lirini(it). 

As regards tlic disDlliutiou of tlic (Jnmoph:r///jidfr in tiiiio, 
I’rufessor llii.xlev rciiiarks : “Of the six liiiiiilies tvliicli 
compose it, huir are not only Paheozoic, lint an*, sonu*, c.x- 
clusiwdy, and all idiiidly, conlined to rocks of 1 levoniaii a^v 
—an t'pocli in which, so 1‘ar as our jircstuit knowledge gucs, 
no lish helonging to the suli-onlors of the Aiiiini/ir lual 
L( pulustniiir (unless ( Ainndrpix he. one of the hitter) makes 
its a])}»earaiiee. h’ajiidly diminishing in number, tlie f'ms.sn- 
pti'rygida.* seem to ha.ve had si'veral representatives in llie 
Carhoniferoiis ejioch ; hut after this ])eriod (unh'ss 
lie a. Ciriiodijdn'iiic) tliey are continued througli the jMesozoii 
age only hy a thin, though continuous, line of (Jiehieiintliiiii. 
and terminate, at the jaesent day, in the two or three known 
sjiecies of the single genus ly/f/di'nix.” 

Of the (extinct types of this suh-order, some ans suHicieiitIv 
imjiortant to imnit esjiecial mention. In the family of tlw 
Sirinvdijdrrvnl, tin; genus (Mrolqm (lig. oOO) has a, ven 
het(3roc(*rcal tail and smooth scahjs. The lirst dorsal i-^ 
])laced near the (centre of the hack, and tin; mouth is fm 
nished with sharji teeth. All the species of this genus iuv 
J)(jvonian. The (Jarhoniferous genus MigidirhUiifx appeal's 
also to belong here. In this singular genus are large “ saie 
roid ” fishes with heterocercal tails, rhomhoidal scahjs, aial 
great (conical incurved teeth, which are mostly smooth, hut 
are sometimes iiiiely ridged. 
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Of ilic witli rli()inl)oi(lal scales, Glijiitohxmns 

flit;. ijOfi) iiiiiy l>e taken as tlie type. Tn tliis singular iish, 
the body is clongatetl ami the liead dejn'essiid. There are, two 
(loj'sal fins whicli are placed very la,r hack, and tlie ventrals 
liave a similar posterior position. The tail is “divided into 
two o(ju:il lohes by tlie })rolont;ed conical termination of the 
body/’ becoming thus “ dijdiycercal.” Chjplola niUH is ex- 
rlusivoly (infilled to the Diivoiiian period. 



Fi;, Kiiiiuiinli. UrstunMl. a, Scali; of tlie sniiic. Dcvni'iaii. 


01 the Glifpto(/ijtf.rrijtrs witli cycloidal scales, tlie most 
iiiiliortant form is Jlo/dp/ifr/ilKs (lig. 507). In this genus 
llu-rc are two dorsal fins jdaced very far back, and the; veii- 



1 e. ■i[U.~}liilnjiliirhiiis liiihilissiMns. Hcstoi'fil. A, Scalr nC tllo saiiu'. ni Vdiiiaii. 


0':ds are similarly approximated to the tail, as in GliiploUt nu's ; 
^vliile, tlie ])ectorals are similarly (tnifclit lobate. Tin* body, 
is covcired with large scales ot a cycloidal form, 
^'liieh oviiilap one another, and have wrinkh*d surface's; 
‘^’^d ilu; tail is ineipiilobed. The teeth are of two sizes, and 
ilie larger ones are longitudinally striated at their basi-s. 
true HohypUjcJiU are Devonian in their distribution. In 



144 


ORDEKS OF F1SHK8. 


tlio Carboniferous rooks, liowever, oocur tbe supeiiiiiallv 
similar forms wliioli consfitute the ^eniis Jihhxiiis (tin'. 
in wliicli the teeth aj^nui with those of Jfol<>])f/ic}iiiis in 
being' of two sizes, but dilfer in being trenchant on Imtli 
sides. The genus, again, differ from Jfo/opf/jrhiiist, and a]i. 
]iroaches MiHidlrhlhi/s, in lia.ving an ol)tuselv-lol)ate pecldia] 
iin, as is also tlie case in the allied Ji/i r-ndopsi,^. Ji/irjultis 
must have attained a large size, and must have been liighlv 
preda(‘eous in its habits. 



'>us, - .1,1 w Ilf llhi.uilii., Il(lih('ili. C.irlHiiiifcnius. 


AVe may also ]>rovisionally ]>lac(^ mau’ ]fi)h)pl i/cjn I's ilic 
genus Oiuirhoihix, from tlie ! Devonian ol' Xorth iVmerica. In 
tliis genus areCanoid lishes of large siz(^ having tlie craiiiiiin 
covered with bony plates, the suiiace of wldcli is enaniellid 
:ind tnberoadateil. The jaws cariv 
numm'ous conical reciirveil tcf'tli ; ninl 
the scales flig. oOP) reseanble those ul 
Jfo/opfifchii/s in iHMiig cycloidal ainl 
ovei‘la]tping, tlu* nndi'r surfact^ emi- 
centrically striated, and the (‘.\]iosel 
])(»rtion of th(i n])])er surface adoiiiel 
with tubercular wrinkles. 

AV(! may furtlau’ jdace here the sn- 
calk'd “ Dendrodont ” Canoids 
(InK/iis, (dicoffiis, lA’c.), which are esp' 
cially distinguished by the fact 
the teeth have a singularly conqilicalrd 
and labyrinthine microscopic structung somewhat reseinhlin.a 
tlie ])attern of the teeth in the Amjihibian order ol tla 
fjdij/riiU}u>d(>nU<i. The Deiidrodonts are Devonian in thcH' 
range. 



IV'. ■>()'.<. — I'lipi r surf:ii'i- of 
.‘I .1 ;ilr Ilf I hi II.; .liiliiiiiiili 

Ilf I lie Ii.itillal >si/f, friilii till! 
I )i vi)iiiaii Ilf Niirtli ,\iiii-i ica. 
(.Sftci’ Ni wliri-ry.) 
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Tlie family rkmioplaidm comimisus only tlie siin^ln -cnus 
/ hnnm (li-' nUl). w«’"S''ely I'c- 

1,1 nml ovcvlanpinn one an<,tl.er. Tim .lorsal lin is 
'■ Uvmely 'lmi", ami is eonllueiit with the tail-lin, ami tlie 
r,i mid ventiiils ave aentely lohate. The ,,aws are 

'',',,,,,1 with a single series of short eonical teeth, ami th,> 
iiutochurd was ]i(*rsist(‘iit. 



Lastly, tlio family of Uu* ruh>nn,/I>inl comiivisos tLvms 
wliich ran^e from the Devoiiian to llio ('rctacooii.s poiioiL ant 
which arc tlistiii;j;nislic<l, in the tyi>ical i^emaa, b) \d\n) 
hollow lin-spiiies, by ibo possession of two dorsal Inis, each 
supported by a sin-le intersiiinons bone, by baving cyehada 
overlai.pino scales, and by the remarkabh> ptwubarity that 
tlie swim-bladder wms ossilied. dbe type-^^enu^ t o oma/ocs 
seems to ran-c from the Carboniferous to the 'frias. 

SuiMiimihU K A(:ANTHOl)imK— Scales exeeednc^ly small, 
shagreen-like; the front ol each fni ])ro\ idtid x\ith a stioii 
spine, simply iin])lanted in the llesh ; no distim tly ossiliu 
cranial hones; no operculum; tail lieteroeeieal. In tun 
hii-s])ines, and in some oilier ]>oints, the. Aat nthoti ((ht a]> 
proximate closidy to i]u\ llJIasinobnairlin ; but tlie} au, L!,eneu 
ally re;j;arded as an order of the (UtnoKh'i. Ihe A(((nt]iO(lt< ( 
are mainly Devonian, but some forms oeenr in tlu' ( ar lon- 
ilerous rocks, and two species Ironi the rermian lotks laM 
VOL, IT. 
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Iicen described. Acanihoih'n has a single dorsal fin, am] i. 
represented in bolli l)evonian and Carbonilerous dc]H)sits, 
C/n’ira(‘a)it/n(>i (lig. oil, 1), ot the Old Ihsl Siindstouc, 
is very similar to Arantluuh^^, but tin* single dorsal iin is 
])biced in front of the iinal. DipJaanifJiv.^ (lig. oil, M) 
two dorsal hns, and is exadnsively confined to the Ot'voiiiim 
rocks. 



Ki-, r.ll.— 1, I hiininnillu' ■ ; •_>. < li Us snitiij.', ; IHi'l'" 

,tiarilis. Itcvuni.ili. 


Si;n-OKi>KU V. OsTiiAcoSTKr. — Tlie Oaiioids of this siil' 
order, coniinonly known as “ Plac<t<lenns,” ari' cliaracleiisoi 
liv having the head, aial genm-ally the anterioi- portion <»l ik' 
trunk as widl, encased in a strong armour com])osed "t 
nnmerons large gaimid ]dates, imnatvably united to mi'‘ 
anothm-. Tin; jtosterior extremity of tlie Itody is niDi'c "i 
less com])let(dy uni)rotect(id ; and wliilst the notochord i> 
persistent, the ])eripheral elements of the veilebra' may 
ossilied. The lishes belonging to this section — il tk‘ 
])iscine nature of the “(’onodonts” be (huiiiMl — arc lb' 
most ancient of their class, commencing in tin' I 
Silurian rocks. They exteml through the Diivonian siaics 
but an; not known to hav(! survived into the (iLrlionilci'"’^ 
jjoriod. They hava; gemmally been jilaciid amongst ik 

(laiioids; but iTofessor llnxley has ])ointed out that tlul 
])resent, many of them, features by which they api>roxiiab'' 
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(‘]ns(‘]y to Siliiroids amongst the Teleosteans. The more 
iiiiportaiit genera included in tliis sub-order are Cqjhnlr/sjiis, 
P/ryiisiils, (Jocrostcm, and rtcrichthijH. 

(^'pliiihtxirk (Hg. 5.12) is tlie ty])C of tlu; fnmily of the 
eiid is readily riicognised by the fact timt the, 
L'('])lialie shield has its posterior angles produced into long 



“ (jeriuia,” gi\ ing it the shape of a “ saddler’s loiiha” Ih'sides 
these latiU'al (Mtvinia, ther(*. is a “ ])osterior cornu ” or siune. 
Ihi'iiied hy a prolongation Itackwards of tlu' hinder margin of 
the shield in tin; middle line, ’riie orbits are ap]»roximated, 
ami are phna'd nearly in the centre of tin; C('phalic shield, 
^’o jaws or tec'tb arc' known, and tlicc mouth was ])robably 
■soft, and ada]){ed for suction. The; head-shield exhibits 

vascular Ciinals, and .shows very distinct bonc'-cells when 
vvaiiiiiied in thin sections undc'r the microseo]u'.. Tlui l)ody 
IS coveivd with ganoid scab's, and there is a well-marked 
'loi'sal fin. Pectoral iins have also bc'cn descrilu'd, and the 
•ail is eh it lied with a hc'terocc'rcal tin. In the* nearly allied 
AiirJiniasiils^ the structure is very similar to the above, but 
•i'oic is no spine or “ jiostc'rior cornu,” and tlierc' is instead 
>'ei'k-|)l;it,> forinc'd l>y an extemsion backwards fi'om the 
ve])lialic shield. Tlu* t Vy>/oc/n.syuWcr are mainly found in tlu' 
••hi Ued Sandstone*, tine commone.st .species being (-. Lifiilii. 
• ••her sjiecins are found in the “ jcassage-bc'cls ” betwec'U the* 
’^ii’inan and Old Ited, and the genus is not wholly unrt'])re- 
^ented in tlm Upper Silurian dc'posits. Tluc genus occurs 
not only ill Europe, Imt also in the Devonian of Morth 
Aiiievicu 
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Ill tlio j^emis I'ffnfspU (fig. 51^)) tlie licad is deiended, as 
ill CcjfImJdKpis, l»y a sliiidd or bucklor, wliicli is com])(is(‘(l oi 
several pieces firmly aiicliylosi'd. Tlie sliield consists of ii 
central disc, the lateral angles of wliicli are jirodnced im,, 


short cornmi, whilst it is extended into a 
rostrum in front. The posterior sjtiiie is 
very small, and is attached to tlu^ disc as 
a separate piece. The orbits are situiitid 
laterally. The minute structure of tin' 
shield is very complex, consisting of tliiva 
layers. The innermost layer is laminatol, 
and is traversed by viiscailar canals. The 
mi(hlle layer is made ii]) of t)olygniial 
cavities ; and the outer layer is stnu- 
t undess or fibrous, and is iiiudy strialid 
or gmoved. The body was coveux'd villi 
scales; but nothing is known of tlu' niitiiiv 
of the fins. The genera Cudilnoipix and Sraplntspi.^ havii liicii 
ibiuuhid ii|)oii forms which have usually Ixseii ]daced uiidci 
rt<r((sj)ls, and whi(di dilfer in more or less ess(Uitial ]K)iiih 
IVoni the typical spindes of this genus, 'fhe genus 77c/v/.sy/\ 




Fg. :)U.— Ccplilllii- sliicia of r diripinis, vir\v(‘(l oil one side, as ivstoivd I'V ' 

—Old a.-d Siuiil.stonc. Tlx- snrrartr-oniiiiuiiutation is oiiiittrd, Imt a .small poi lJoii is n C' 
smitcd at a, on a lui';,mr scale. 


so far «is yet known, comprises the most ancient ol the 
commencing as it does in the earlier ])ortion of the biidl"'' 
formation (Ui)per Silurian). Other species are known in fl‘^ 
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Old Red Sandstone; Imt the genus appears to have entirely 
(lisa])peared helbre tlie close ot tlie Devonian period. 

In ties genus Coamima (tig. 514) the iiead was protected 
hy a great sliield, the plates of which ar(i covered with small 
lieinisjilierical tubercles, dliere is also a ventral or “ sternal ” 
shield, which, accoi-iling to Huxley, seems to have had no 
ilireet connection with the cei)halic huckl(*r. The mouth was 
tiunished with a distinct lower jaw or mandil)le,” comi)osed 
of two rami, carrying small teeth. The notochord was per- 
sistent, hut the neural and ha*mal spines of tlu' vertebra', and 
the r;iys of tlui dorsal and !inal lins, are well ossilied. A 
lieterocercal tail-lin was doubtless jU'esent as well. TIk! genus 
is essentially I)(*-vonian ; hut a s])ecies has heeri 
discovered Ity i\I. llarrande in the ll])per Silurian <»f llohemia. 

In the genus .P/cn'rhfJiijs (lig. 515) are sonu' very remark- 
ahle lishes, lirst discovered in tlie Old Ued Sandstom,'. by the 
late Hugh Millei”, and nearly lohited in most respects to Oec- 



O',s7(ocs. The wlude of the. head, togetlier with the anterior 
I'art of the trunk, was d(‘fended by ;i liiickler of large ganoid 
I'lates suturally united, those covering the trunk forming a 
haekjilate and a hreastjdate articadated togetlu'r at the sides. 
I he rest of the body was covered with small ganoid scales. 

small dorsal tin, a ])air of ventrals, a pair of pectorals, and 
a heteroeei’cal tail-tin were present. The form of the ])('etoral 
hiis is the fjeculiar characteristic of the genus. These weie 
'R the form of two long curved spines, somewhat like wings, 
rov(M‘ed by finely -tubm'culated ganoid plates. From tlu'ir 
hiriii they cannot have l)een of much use in swimming ; but 
probalily, as suggested by Owen, enabled the animal 
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to sliullle along tlie sandy bottom ot the sea, il slrandcd ai 
low water. All the species of ricrirhlJii/s are exchisivflv 
contined to the Old Ited Sandstone. If, howv.wv, Jslfrnhp;, 
of Taiider he identical with I'lcrlchthys, then tlie genus ^va'• 
repH'sented in the r])j)er Silurian. 

AVc may also ])hicc in this iicighhoiirhood the gigaiiiii 
tislu's (jf the Devonian of North America,, for the reeeiitidn 
of whi(‘h XewlK‘iTy has founded tlie gimiis JJintrhflii/s. Tlit' 
liead in this genns, sometimes measuring not less than tlmr 
f('et in length, was covercul hy a hucklcr of ganoid ])lal(s, 
n'semliling in form and arrangement the plates ol‘ the liijinl- 
shield of Coccostrtoi, hut having their surface adorned willi 
granulations and furrows, in place of the stellate tuheivlcs 
of the latter. The most I'cmarkahle, featun; in the genus, 
however, is the dentition, which cdosely I’cseinhles that nt 
Lvpidimren, except in ])oint of size, and which must liavt' 
heen associatiid with caiaiivorous and jm'daci'ous haliils. 
Thus in the lower jaw (lig. 510) the extremity ol' 



ramus is lient ujiwards and pointed, so as to form a hug'' 
ami sharp tooth on each .side; the margins of the niandil'k 
hehind these heing enamelled for some distaiua*, forming 
sharp cutting edge, which may he entire or serrated. In f'"' 
upper jaw, the tooth-like ends of the nnmdihnlar I'ami :in' 
confronteil hy two great jiraanaxillaiy teeth, of a triaiigntii 
form, and the margins of the maxilhe on cither side ol ihusu 
are cithm’ conijircssed and trenchant or actually denticnhitr- 

Sun-OIJKKII (1. ('UONDKOSTElDyK (STCJilOMlhK). lu this Sul' 

order the skeleton is almo.st altogether cartilaginous, and lli^ 
notochord is persistent. The exoskcleton is usually in 
form of large ganoid plates, which are united into a shinl'i 
over the head, hut are detached over the body. Soiiielina*' 



ORDERS OF FISHES. 


151 


tlio exoskeletoii is absent, Jind in no case is tlic inontli fiir- 
jiishiicl with teeth. The tail is lieterocercal. 

Tliis siili-or<lei‘ eoniprises tlie living Sturgeons (lig. 491), 
mid is not known with certainty to have come into existence 
l)C‘forc tlie J^ocene 'J’ertiary, where it is representcal by tlie 
Arijinisrr tulurjtlcKii of the London ('lay. In the Lias, liow- 
t'ver, occur two species of the singular genus Cltondrosiaix, 
wliicli have usually been referred 
hme, and liave been regarded as 
li(‘in| 4 ' neiirly allied to tlie 

J’iiddlc-iislies {^^patvlarui) of Xorth 
Aiiiorii'a. The skull, however, is 
more coinpletely ossihed than is the 
(•use with any living members of tlie 
Sfiiruinida: ; and the true place of 
dhoiidrodcuH must be regarded as 
unei'i'tain. 

AV(; may also place Iku'c, at any 
viite provisionally, the Devonian 
ceuus A[t«u'i>pct(ilichf/ip, s]>ecies of 
mIucIi are known to occur in both 
die Old and New Worlds. In this 
umnis are iiududed large lishes, in 
which the skull is protected by hugx! polygonal ganoid ] dates 
(lig. 51 7), the surface of whiidi is enamelh'd and tuberculated. 
I hi' (tridts are of large size, and both scales and teeth appear 
to liavc been entirely wanting. 



Fin. .UT.- UiiinvaiiKif llu’ skull 
of Miirriii'ifdlirlitltux Siilli C k iiti , 
viownl from al'ovc, ami n'ratly 
nMluor.l in size. From (lie Dr- 
voiiiaii of North Aiiifrioa. (.Mlrr 
Ncu'lu'iry.) 
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OKDKU III. KL.\SM()IUL\N('mi (= Hrfifrhid, ; Phuviiln, 

A^ussiz ; Ualnci'pjidli niid Plttf/io.-ttoiiir, Owrii). — This imC 
includes tlie Shiirks, Jhiys, and ('liinuei'ie, and corresiMiiid' 
with the ^i-eat.er and most tv[)ieal ])ortion of the Clitnuli'»i<- 
icrifiiiihr or ( 'artila^inous iishes ol‘ (Tivier. Tlie order h 
distiir^'uished l>y the following eliaraetei’S : Tlir skull iimi 
!o)i‘c/‘ jail' ((!'/’ 7/v7/ t/tyrrlojx <1, hul thi'vr m'c no croiuol hoio‘s,iiii“ 
fju' skii/l coiislsls oj (< suiiple CO rf i.l<((fin(>n.s hox, oof hoot o.ii// //'■ 
(Jlrof'iiiit, of solo res. The vcrfcbrol coloioo- ts sooicfuio's mui 
joi.scd of didhu't I'ci'tchi'O'^ soout uocs corldotfiiioos or soh-iinS- 
ckordol. The exoskelelon. is in the for oi of jdonnd (jeoeel' 
lohercirs, or s/does. There ((re tiro pairs of Jios, represndov, 
the liodxs, and sopporled hif carldoffionos Jlii-roi/s ; aod li 
rent r(d Jios are placed far hack near the aoos. The peeix’<< 
(ircJt. h,as n,o clavicle. The heart consists of a suu/le aorieh’ ex 
n'ot ricle, and Ihe hnlhos arleriosos is rh i/fhoncallif coolrerhl' 
is provided ivitk a spread coat <f striated in osiodar Jihrcs^ iix 
is fornished o'ilk several transverse roivs <f valves. The ifT 
arc paoeh-f ike. 

In most of the above (diaraetm'S it will he secui at oiic’i 
that the ITastnohranehii agree with the (hinoid Iishes, esp'^' 
(dally as regards the structure of the iKsirt. The lollewi": 
j)oints of dilferemje, however, r(M[uire more special notice 

1. The exosLrleton is what is called hy Agassiz phiceid 
It consists, niiiiKily, of no (.:ontinuoiis covering of scales " 
ganoid plates, but of more or less numerous detached gian' 
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luliercles, or spines, composed of bony or dentinal niatter, 
and scattered here and there in the integument. Tn the 
case of the Hays, these placoid ossifications often take a \(‘iy 
siii'nilar shape, consisting of an osseous or cartilaginous disc, 
froiii tlie up])er surlace of wliich springs a shar]) rcciirv(‘d 
s])iuo, c()ni])osed of dentine. The so-called “ sliagrccn ” of 
tlie Dog-lislies and Sharks is composed of very small and 
close-set tooth-like processes. At otluu* times tlui jdacoid 
.stnictunis are develo})ed into ''dermal defence's” or “ iclithyo- 
doi'ulites.” Tlie minute structure of these exoskeletal stnu> 
tiives is closely or entirely similar to that of the teetli. In 
some cases the e.xoskeleton is absent. 

2. Tlie y///s are iixisl and ])oucb-like, and diflcr very 
iiiaterially from those of the Bony and (lanoid fishes. In 
the case of the Sharks and Hays, the gill-i)ouches open n]iun 
the surface by a series of se[>arate aperturi's, ^vhich are jdaced 
on the sides of the neck in the former, and on the under 
surface of the body in the latter. In neitlu'r is tlierc any 
gill-cover or 0 ]>erc\dum, noi‘ are there any branchiostegal 
rays. In one section of the order, however — viz., the //o/o- 
r.rplifiii — though the internal structure of the gills is essen- 
tially the same as in the Sharks, there is only a single 
l)iTuichial ii])crture or gill-slit externally, and this is ]>ro- 
teeted by a rudimentary operculum and branchiostegal rays. 

The order J^JIrfsniohninrhii is divided into the two sub- 
orders of the Ifoloi'i'plitili and J^lni/insfoitn, The tormi'r 
comprises the living Chiinara’, chariicterised by the mouth 
being terminal, and by there being only a single gill-slit. 
Ihc latter comprises the living Ihart daid’Cson Shark, the true 
‘^Imrhs and Dog-fishes, and the Bays, characti'iised by hav- 
org the mouth transver.se and jdaced on the under surlace ot 
tiic head, whilst there are several apertures to the gills. 

As regards their (/nural ifisfrihuium in ilnw, the EJnsmo- 
are nearly as ancient as tlu^ Ganoids. At the top 
G the Up])(!r Ludlow rocks, or at the close (d' tlu' L|)ticr 
‘Silurian epoch, there have been discovered the rt'inains id 
^oidouhted Hlagiostomous lishes, most nearly allii'd to the 
‘‘-\istiug Loi-t Jackson Shark {Ccatmeion, P/ilfi/pi). ddiesc* 
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lirst rays in the dorsal fins, and upon tliese tlie ^onns Oiuiiu 
(tig. 520) lias heen lonndiHl. r.c'sides lliesi! tliei'e have; boin 
found ])orti()ns of skin or “ sliagreen,” with little placoiil 
tuh('rcles, like tlie skin of a living shark, 'riiose have lieen 
referred to the genera and I'IwIoi/ks. Tla-y nn 

tlie earliest known remains of I’lagiostoinoiis tishes, and uitli 
tli(‘ exei'jition of the few remains from tlie Lowm- Luillow 
j’oeks, they are the earliest known remains of tishes in tk 
stratified sei’ies. Tlu^ disi-overy of these remains, at that tiinr 
the earliest known traei's of \"ert(d>rate lile, is due tu tla- 
genius of Sir Itoderiek Murehison, the author of ‘ Siluria,’ 

Most of the fossil ElasiiKihra udiii belong to the division 
CisfnqiJtori of Owen, so called hecau.si' they are pi'oviikl 
with the larg(j tin-spines which are known to gi'ologisls 
“ iehthyodoruliti's.” The two families of this division— llir 
( estj-aeionts and llylKnloiits — are largely ri'jiresimted in inM 
time, till' former ehielly in the Taheozoic jieriod, the laltir 
childly in the i\I('soz(dc ro(d\S. 

The true Sharks are ri'jiresented in the earlier iMcsozoii' 
de{iosils (I'j/., hy teetli of Xoflthanis in the Oolites) ; but tlioy 
are (diielly (_'retac(*ous and Tertiaiy. Tiietindh of Odon/nsii'd, 
(l(dri)irr(lo, and (darlitt nHlint, are good examples from tlie 
Kocem; of the Isle of Sh<‘[)|tey. The true hays an; elil'i 
than the tiaie Sharks, occurring as early as the (dirbonifennis, 
Numerous remains of Itays, ehielly in the foi'in of the j'live- 
ment-like teeth, are known, both from the Secondaiy I'H'i 
d'ertiary roidvs. d'he last division of the Xhf.WKthra/irJili— 
\r/., that of the IJdIdnjdKtIl — is poorly re|)resented in jost 
time by the JllijinrhuiJ ns of the Devonian, and by lb' 
Mesozoic and Kaiiiozoic Isrlthnlns, KfnsinAHlns, 6V///ed//y 
Edn jiliod ns. 

In the following a more detailed a(‘count is given of lb’ 
characters of the vaia’ous groups of the ElnsiiKdrnnirliii wilf 
the leading charactei-s and more impoi-tant fossil forms "I 
each : — 

Siij{-oi:F)Eit A. lIonocKi’iiAia. — 'fhis siili-order inchaf'^ 
certain lairious lislies, of whicli the only living forms aie tk' 
fdiir/urrndr. d'lie notochord is persistent, but the m'Ui'd 
ai'ches and transvei'se processes are caililaginous. The 
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ine bony, and rirc covered by broad plates r(*,])rcsentin<i’ tlie 
icelli. The exoskeleton consists of placoid grannies. The 
Jirsi ray of the aiitcnior dorsal fin is in tlie form of a pover- 
fid dehnisive spine, like the “ ichthyodornlites of many 
fossil fishes. The vcntriil fins are abdominal, and the tail is 
lietcrocercfd. There is only a single external gill-aperture, 
covered with a gill-cov(!r and branehiostegal membraiu^ ; but 
only a sinidl portion of the boi-(h*rs of the branchial lamiiue 
is flee. The mouth is ]»la(‘ed at the extremity of the head. 

The earlii'St known remains of (’hinueroid fishes are those 
wliich Mewherry has described from the Devonian of North 
America under the name of Ithi/nchodns, and (unless we 
|il:ice here the Devonian rt/fdodifs, wliich may ])erhaps 
licloiig to a Di|)noan) they are the only traces of this grou]t 
as yet found in the IViheozoic rocks. The remains U])on 
which this genus is basml consist of crescent-shaped or semi- 
cii'ciilar dental jdati's, the straight side of the tooth forming 
a triturating or cutting edge. In the Ab'Sozoic and Kaino- 
/oic (Icjiosits, the remains of (.'hinneroids are not extremely 
laro, hut iJiey consist only of the jaws and teeth, along with 
hH"S])incs or “ ichthyodorulites.” The dental jilates are 
united to tlie beak-shaped jaws (fig. 5 IS); and the dorsal 
ini-spiues are always movable and jointed — instead of lieing 



0:,', MS.— Ijdwcrjaw df luhijihiKlus niiins, vicwcil from almvi'. sliowiiijj tlio iloiital jilalos. 
'IVrliary, (.MUr Sir IMiilip UgiM ton.) 


'’ntqiorted on a cartilage emliedded in the muscular tissue of 
^br Inick (as in the Sj>iii<tci(l(r and Ccstmciontida). Of the 
Ohinueroids, the genera hvhiodm and Gdudddfi are ex- 
Tisivcly Mesozoic ; Edaphodua ranges from the Cretaceous 
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series to tlie Eocene Tertiary ; and Ehtmodm is only kiuiwn 
from the Eocene. 

Suu-OKDER L). I’LACiTOSTOMr.- — Tliis sub-order is of eoi,. 
sideralily <^i‘eater iniportance, as it includes tlie Widl-kiiowii 
Sliarks and Uays, Tlie vertebral centra are usually iiioiv ui 
less ossified, and even when (|uite cartilai^inous, the C('iiti;i 
are marked out by distinct riiins. The skull is in tlie tiiin 
of a cartilaifinous ca])sule, without distinct cranial lioncs, 
The montli is transverse, and is jilaced on the under siirliKv 
of the head. The exoskeleton consists of jilacoid .eriiiiiiks. 
tuliercles, or spines. The braiuGiial sacs open externally tv 
as many distinct apertures as there are sacs, and tliere is ii.i 
operculum. 

r>y Trofessor ( Kvmi the 7Vc///o.s'/c;a/ are divided into tine 
sections, termed res[)ectively tlie Oi’s/ntphori, the 
and the HnIhUy.. 



Fi^'. 'tV.K - Coll. .I.'icksdTi .Sli;irk .slinwiiiK tlie iiiivciiK^iil "I i 

tfflli. Oiii;-li;ill' tli<‘ ti;it.iiial ai/c. (Alter Owen.) 

(I. Ci'sfrophori . — In this division there is a stronit s])inm' 
front of each dorsal fin, and the back teeth are obtuse. 
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iiijlv livin.n' I'opreseiitatives of tliis j^roii]) are llic Toil Jackson 
Sliai'ks (6V.s/rnc/c/?), clianicterised by their pavement ol‘ pl:ite- 
]ikc crushing' teeth, a(]a])te(l for comminuting^ small Molluscs 
and Crustaceans. Th(;y are exclu.si\^ely inlaibitaiits of the 
Australian and Cliinesc seas, and are remarkalde for tlieir 
close reseiiildance to a larpe proup of extinct forms, of which 
l)est known are tlie genera Jfi/hodas and AcrodnH from 
the Secondary rocks. 

Tlie iji'drujdiori are known in a fossil stale mainly by 
their liii-spines, or “ ichthyodorulite.s,'’ and tlieir teeth. It is 
ohvious, liowever, tliat it must be often very ditlicult or iilto- 
Ltelher iiii])Ossible to determine ali.solutely whether ;i .spine or ti 
jiiece of shagreen belongs to a ('estraciont or to a true Shark. 
Sujiie of the Ibrms, Iherel’ore, to be immediately mcntioiicih 
must 1)0 regarded as being only provisionally placed anioiigst 
tlie CcdniriiiiUidrr. 

With this ])roviso, tlie earliest known tmees of Cestrticiont 
lishes tippeai’ to be, in the l'))per Ludlow rocks, at the, sum- 
mit of the Silurian siules. Here, within the limits of a 
uir^le stratum, well known as the “ hone-bed,” occur remains 
which have been with more or less ])r(d)al)ilitv referred to 
bcsLracionts. Some of these (tig. 520) are in the form of 



Ci.U'. .VJO.- A, Siiiiif of O,/, •/mis /DMi/.s/noOi.s; n, Slia^'ivoii-sriilrs of n, h„his. Hotli from 
the iMiiie-ltetl of the Cpl'ei I.U«lloW roeks. 

> ouijiressed, slightly curved s))ines, the sides of which arc 
incoved longitudinally. These litive been rehuTed to a 
I'lnvisioiial genus, under the name of Onrliirs^ tind thei'e 
'd'l'^'us to be little doubt as to their truly belonging to 
tidies ot some kind. It is, however, tpiite ])o.ssible that they 
'*''illy helong to Jd<T((spif;^ in which case they must be rt*- 
'‘i^JVed from tlieir ])resent ])hice. 

Along with the .spines of Onrkus are found fragments of 
I'l'chly skin or shtigreen, which have been referred to the 
hni] )orary genus Aphai/odHs, along with minute cushion - 
^ bodies, which are doubtless placoid scales, and which 
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lidve been referred to anotlier genus under the iiniiio f,( 
Tlirlcxlits (fig. 520, ij). Tn tlie .same bed are foniid 
bodie.s, willi tootli-like ])roeesse.s of dilforent .size.s, avIuCIi 
liave 1)een named ]^lirfrodu><, and liave l)een .supposed to l^. 
the jaws of lishe.s. The true nature of these, however, j. 
doubtful, and they certaiidy do not ])elong to Tlagio.stoiuon, 
fishes. I*o.ssibly tlusy are the ])ri(dcly mai'gins of tlie ee])lia]ii 
buek'lers of Cejihalaspid(*an fishes. 

It should 1)0 immtioned, jdso, that ]\I. llai-i-ande emniieratis 
Oft /iitr(ni(lii(s amongst the fishes found in tlie r])])er Siluiiim 
rocks of llohemia, this genus being otherwise only known in 
the Devonian and Carhoniferous Ibrmations. 

In the Devonian rocks the reimiins of CidiuipJiori an; not 
uncommon. The more important fossil s])ines of the (le])(isii'; 
of tliis period have heen referred to the genem (.Inm- 

/[(mdrant/iHS, and The fossil tedli 

belong chielly to the genera Ctcnopf/fcliufs, Cladodn^, mil 
Psffi/n/iodi/s. 

We may also mention Inuxi the simiular S])ines iijiiiii 
which the genus //.S’ (lig. 521) has been fuinnlol 



Aiiii-rir.'i. (.vrttT .Nrwlicny.) 

thougli it is quite an open question wliether these spines an' 
inferable to (lestracionts, Selachians, (Jhinneroids, or <'vmi 
Siluroids. They pre.sent, in fact, the singular ])eciili:irity 
that they are un.sym metrical, in the sense that they -nv 
rights and lefts ; and it seems almost imjio.ssible to acceuiii 
for this excejit upon the su])])osition that they wci'c me 
jdanted in front of the pfctoral and not of the dorsal line 
They arc; llattened, curved, and hollow, with an enainelk'd 
smooth, or punctate surface; and they must have hclon,!;''^! 
to large and powerful fishes, as they are sometimes ovri 
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,,iulite('n inches in len^tli. Hitherto this ^eniis has only 
tbiind in tlie Devonian ot Nortli America,. 

Ill tlui Carboniierous ])erio(l the. remains of (A'sfntp/ion 
comparatively very ahumlant, tlionyli confined ,u-eiierally 
t„ particular localities. The spines of the Cai-hoiiih'rous 




sluita have hoen referred to many uenera, ol which the nio.st 
iiiiportaiit ai'ii Cfi'niicanlJiU:^ (ti; 4 . 522, 5), (!/jr(tC(H(lhi/s (liLi. 

2 ), (hv/- 


I'oiillniH, Onrlnt)^, Lepfaninthnx, 
and Edrstrs. Die fossil teeth 
af the (Jarhoniferons rocks 
have also been referrcal to 
many <;enera, of which the 
niove important are CocJi/lodn.'^ 

Oi”'. 525), JJcIfodus, JWnnnio- 
'O'S Omhis, ]\iaJo(Uis (fipj. 

4), (JtmojdychiHs (tip;. 

''- 2 , 0 ), Cladodiis^ Cndrodifs, 

(^dtm)dii.s, ])iplodii.% Iff’JndiOi, and Edrodu.'i. Thna' })rimnpal 
i}pes may be distinguished in these teeth. In one type 
(fhe “ Coehliodonts ”), as in CocldioduH (fig. 525) or 7kvo//- 



- I'lntfs of 

Mountain I.iiiif.stoiu' (Cai'l'on 
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mod IIS, the teeth luive the Ibrm of broad crusliinij; 
ada|)ted fur the coiniiiiiuitioii of ]\lolhises or ('riist;uc;iii< 
In fact, ill tlu'.se forms the teeth very closely rcscmip 
those of the i’ort Jackson Sliark (6V’x/rcr/o//). 

tlie second tyjie, as in ('hidodus, Orodiis, and (rdnssddi/sjy 
teetli are of wliat is called the “Uybodoiit” form, having 
, Humeral conical shaju*, and consisting of a (‘cntral ])riiiLi]i;il 
cone, flanked hy smaller secondary cones. A third nrinij, 
may be constituted foi’ teeth of the type of rcta/odiis (lin, 
.»22, 4), in which the teeth are concentrically wi'inldnl 
round their bases, transversely elongated, with a coiiipivsshl 
])etal-sba]>ed (‘X]»ansion above, the summit of wliieli fonnsa 
siirratcd cutting edge. Thti “ Pctalodonts ” are chai'aetd'istii 
of the ( ’arboniferous ro(*ks. 

In the I’ermian series the remains of (o'slrnj>lmn aie 
scanty, but they are vmy numerous in all tlui great Iniiiia- 
tions ot till! Secondary [leriod. The four most im]H)riaii[ 
Mi‘S()Z()ic gmiera are Jli/hodim, Avrodus, Ain^idindiis and 7'///- 
r}iddi/s. 

In the genus Jfifhodiis (iig. 0 2 1) the teeth are slaiik-like 
but are not so trenchant as they are in the tnu' Sliiirle, 



• -Tnnili Fi-. Fill spine of ( relnee, 

'*1 


iliey consist ol a ctmtral “ ]>rinci])al ” cone, with 
“ secondary ” cones on each si(h‘. Tin* iin-spines (Iig. 
in this genus are longitudinally grooved, jind carry a 
(jt small teiith on their himha* or concave margin. SpiM'ii's "1 
Jfi/hodiis abound in the Triassic and Jurassic formations, aid 
occur, though less abundantly, in tin* Cretaceous r<»eks. 

In the genus Airodiis (fig. 52b) the t(‘eth are more lid^ 
those of th(' Port rlacksmi Shark. The front t(!(‘th are ])()iiil'd 
and resimible thosc^ of the Hybodonts, but the back teetli an' 
adapted for crushing shell-fish. Each of these crushing Ir'dli 
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lim an eloii<^^ate(l form, witli a rountled surface, wliicli is 
-orci'ed tine ti-ansvcrsc stria; proceeding from a central 


],nioitiulinal line. From 
ihed' general form, colour, 
and striation, they are com- 
nioidy called “fossil leeclies” 
hy llie quarryiiien. As in 
the ease of lluhodn^, the 



— TiKitli ul' Arii'tliis iKil.iUiii, ]ji;is. 


s]ii‘cies ol AcTodi(ti lire ex- 
clusively Mesozoic, ranging from the 'I'rias to the Chalk. 

The t(;etli of Sfivphodtis are elongated, vi!ry similar to 
lliuse of Acrodiis in th.eir gmutral form, hut truncated at botli 
dills, and having their surface ndieiihited. Take the ])reced- 
ine', the species of S( tVidiodiiA range Irom the Trias to tin; 
(,'lmlk. 

ill the genus r(ijr/iodn.% lastly, the teeth are more or less 
iiiadvaie in form, and the summit of the crown of the tooth 
is thrown into jiarallel transvi'i'se folds, ridges, or plii-atioiis, 
'UiTomided hy a granulated area. All the species of this 
yviiiis are Crcitaceous. 

A few Tertiary forms of the (\sl raidwri have, been de- 
■'Ci'ilicd ; hut the allinities of most of tlu'se are doubtlul. At 
lilt! })reseiit day the family is represented only by the lew 
''pccics of the. genus OcHtrarioii. 

h. This grou]) com]U‘is(‘s the l)og-jishes aiul 

^liai'ks, charai'.terised by the elongatisl, not rhomboidal, form 
"I the body, and by the lateral position of the gill-slits on 
ilui sides of the neck. Tin; teeth are sharp and conical, and 
'Oe arranged in several rows, of which the outermost alone is 
'‘laiiloyed, the inner ones serving to re[dace the former when 
Worn out. 


This family attains its maximum at the present day, ami 
Its earliest authentic re])resentativea ap])ear in the durassic 
I'criod. Some Taheozoic fossils, liowever, have betui, with 
laore or less probability, referred to Sharks, or ]daced in the 
'icighhourhood of the living IMonk-lishes {St/natinH). AVith 
die exception of occasional vertebra', all the known remains 
'd ^darhinm consist of teeth. 

^0 the Jurassic series are found teeth of XofidanHs and 
VOL. n: L 


ORDERS OF FISHES. 


U)2 

>^pJinio(h(s. Tn the Cretuceous rocks are luimeroiis tectli, 
ferred to the genera Corax, Calrocerdo, Otodus, Lanina, 
rliina, and Odoiitaspis, all of which continno to he repivsciihil 
ill the Tertiary deposits. The teeth of Carrha radon (tj. 
529) also occur in the (h’etaceous series, hut the genus is 
mainly Tertiary. The teetli in this genus are triaiigulai, 
seiTated on both aides, and soinetimes of iiiiinensi; size (tivt 
or six inches in length). Teeth, ajiparently undistingiiislialili' 
from Carrharodon, have heen dredged from tin; liottoiii nf 
tli(‘ ocean at great depths, in considerable numltei-s, ly tlir 
“ riiallenger Expedition." In Otodns (iig. 528) the teetli 
are not denticulated at their edges, and tliev liave a seeuiidaiy 



tooth at each side of the liasiu Tlie teetli of (),r//rliiiui (Ih 
“>2 7), lastly, are hirge and comprcussed, dilfering from tlmse 
of OtodiiH ('liietly in wanting the lateral projections at lb' 
liase. rpon the whole, the dejiosits whieli have yieldial llif 
gi'(!atest ahundaiicii of the teeth of these extinct Sliavks, aiv 
the l'p))er (Ireensand (Cretaceous) and the London Clay 
(Eocene Tertiary). 

r. Bafidrs.^'VhiH grou]) includes the Lays and Skates, mul 
is distinguished by the fact that the branchial ajiertmv.s aiv 
placisl on th(! under surface of tlui body, forming two mivs 
of o])enings a little behind the mouth. In the typical maai' 
bers of tin*, group, the body is flattened out so as to fuiia a 
kind of disc (fig. 520), the greater part of wliich is made ny 
of the enormously develojied pectorid fins. Upon the 
surface of the disc, ai’e the eyes and spiracles ; upon the lea'ei 
surface are the nostrils, mouth, and branchial apertures, 
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Ijatteiicd liodies of Uic liays, however, must be carefully clis- 
iiiouished fi'om those of the I'lat-lishes {l^lmromdidcc). In 
Iitl former, the H.'it surlaces 
of the body are truly the 
dorsal and veiilral surlaces. 

In the latter, as before I'e- 
iiiarked, the l) 0 (ly is llat- 
ti'iied, uot from above down- 
wards, but from side to side, 
and the head is so twisOal 
that l)()tli eyes are brought 
to one side, of the body. 

The tail in the Hays is 
loiin- and slend('r, usually 
iiriiied with s{)iiies, aaid gen- 
erally with two or three tins 
ftlio hoimdogues of the dor- 
sal Jins). The mouth is 
Itaved with Hat teeth of a 
more or less rhomboidal 

shape. The integument is oftcm furnished with ]dacoiil 
structun's of a ]K‘Culiar shapes consisting of oval or rounded 
ossi'ons discs, from the centre of eaeli ol' which s])rings a 
‘■nrved s]iine of (hnitine. The tail also is sonuTimes armed 



Itatitlfs. t'.nin >iiu‘ of (lir 

n<.i|uiM <l iiiic-si\lli. (Ai'O'r 


vitli a donbly-serrated defen.sive st»ine. 

The Kfiys ar(! known in the fossil condition Ipy tlieir Hat 
crushing teeth mainly, hut also by their lin-rays, lamy discs, 
ilei'oiisivG s])ines. The (nirliest trace of the Kays is found 
111 till! ( hrlioniferous rocks, where occurs the doubly-serrated 
H'^iie which is referred to the genus Pli'iiriuaathu^^ (tig. 522, 
Tn this singular form, however, the spine seems to have 
''reii inserted at the back of the head, instead of in the tail, 
ill the living Sting-rays ; and it is not certain that the 
.^I'liiis is not ratlier truly Selachian in its alTmities. Another 
•’I'cicnt and remarkable form is J^atasxa ( = (dinKf.nxhfx), oi 
die barlionilerous and Permian, 'which forms a connecting 
bnlv hetween the Hays and the Cestracionts, though scinn- 
ri'ally referiiblo to the former. In this genus, the mouth 
^’'^’’bslicd with ovate teeth (tig. 531), arranged in slightly 
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arclied transverse rows in botli upper jind lower jaws. ]’l|,. 
upper surface of each tooth is hollowed out in front, with n 
sharp anterior edge, and is crossed behind by transverse ridges, 



"kH. — A tVw of tlu“ r(‘tilr;il tcflli of Toctli of ii fossil Ifiy (.1/ 

Jiinnsiui alxuit the iiatuiul ln'ti^ Eihi'np I ■■<!(). Koi riic. 

sizo. Cai'l.ioilifrrous. (AIIit Hancock ainl 
AtUicy.) 


seems, upon the Avhole, to be iiiost closely allicil to 
Mf/liolmfis, though its exteriml teeth ai»proximate in foiiii to 
those of tli(‘ “ I’etalodouts.” 

Ill the Jurassic rocks occur tlie remains of Ihiys, wliioli 
have been referred to tlie genera tS/jiKiloni i((, 
ArfhropkrifH, &c. In the Tertiary rocks the remains ofL'a}' 
are tolerably aliundant, and consist almost exclusively el tlu' 
dental plates. J’hese consist (lig. of generally llat phnvs 
usually somewbat rhomboidal in sha])e, often ])lacetl rlns* 
together and sometimes united laUaally by sutures, so as to 
“ form a kind of mosaic pavement on both tla^ upper airl 
lower jaAVs ” (Owen). Most of the fossil forms helong lo tb' 
gmius Mj//fohatis,\v\iw]] comjirises the living Kjigle-rays. All 
the fossil species of this family belong to the Tertiary ])eii'J, 

Okdkr IV. JJlPNOi ( - 7Vo/e///f'/a, ( )wmi). — This oidrv i' 
a very small one, and includes, among riiceiit forms, only 
the singular Mud-lishes {Lrpulodn’H, and (h'ri(f(nhix) \ 1”^' 
it is nevertheless of great importance as (‘xhiltiting a ‘lb' 
tinct transition between the Fishes and the AniphihuL 
many, in facd, and so striking, are the points of reseuihlain''' 
])etween the two, tliat until recently tlu; LipiAosiini (b- 
.5J3) was always made to coiistitute the lowu'st class "I 
the Aiiiphihia. The highest authorities, however, I'O"' 
concur in placing it amongst the Fishes, of which it con- 
stitutes, with its allies, the higliest order. The order 
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defined l)y the following ediaraeters ; The horlij is fi^h- 
jilt in ^h ((])('. There, is a d uU 'irifh didwef, ermiial haves 
lad n foirer j(vv\ hut the notoehont is persistnil, and there are 
iiji rnidmd eenfra, nor an oeeapital CAmdyte. The eroslrtr- 
1,11} romists of horny, overiajyphu/ seales, lumny the eyrtoid ” 



/’ 

r):{:5. Dijinoi. Li'iiiiln.^i ren onKch iti. 



Fi;^. r>;51. — Vl■nllo(lns Foc.s^cr/. Tlio Australian Miul-lisli. 


rhirnietrr. The peri oral and rentrat tunhs <nr hath ])reseut,hvf 
Iniir [ill, Lejiidosireu) the form of ((ui -shaped. Jit {form, niany- 
jiniileif oryaus, of irhirh the former only hare a memhranaus 
Jeimje iiiferiorly ; u'hereas in other eases {^Ceratod us) they re- 
Hririhle t/iesr oryirus in the (^rossopteryyious (tauoids. The rent rat 
li'itihs ore aftaeheil eivse to the anus, and the peetoral arch has a 
lini'iii' ; hut the scapular arch is attached, to the occiput. The 
tinnier e.riccm ity of the hody is friuyed hy a vert ieat median Jin. 
hlie heart has tiro aurictes and one rentriefe, in Jvpidosi i'en , 
tint, ninsisfs of an auricle, rent ride, and artcriid todh in Cera- 
tidns. The respiratory oryaiis arc tu'ofold , consist iny on throne 
Ini ml eif free Jlfamenfous y ills contained, in a hranchial chamher, 
Hieh (pens cclcrnatty hy a sinylc rerticid yill-slit ; and. on the 
either Jiirnd of true lunys in the form of a douhtc cellular air- 
tilnitdir, eomm unicat iny with the o sophayus hy nica ns ij’ an air- 
'tiiet or trachea. The hranehier are supported upon hranchial 
"I'difs, hut these are not eonneeted with the hyoid hone ; and in 
cases, at any rate, rudimentary ext eriad branch ia' exist as 
"''T. The nasal sacs open posteriorly into the th roat. 

^ iitil lately the only known inemherH of the order Dipnoi 
''ere the Lepidosiren paradoxa of South America and the 
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Lcpidosircii {rroVopferm) aaurdtm of Africa. No fo.ssil also 
could be referred with any cculaiiity to this order, hecdulv, 
liowever, tliere has been discoveretl a most rtnnarkalile ii(,ij 
in the rivers of Qneen.sland (Australia), which is ceriainlv 
refeiuble to this order, and which throws .^reat li^ht iijioii 
.several fo.ssil forms. The; oroani.siition ol' this lish is sn 
traordinary, and its aihuities with some of tlie c‘.\tiiict ( iaimiiLs 
are so numerous and important, that it will 1)0 well to ([Unto 
at some length the de.scription of it givcai by ])r Allion 
GiintlHU*, one of tlu^ mo.st eminent of li\ ing icIitliyoloAsts, 
The tisli in qiK'stion lias been named tlu; Ccridodns Furslui 
(tig. 534), and it is known locally as the “ narraiiiiiiKla,’ 
It is .said to attain a length of about si.x feet, Imt ils avciag 
length is about three feiT. Tlu* Ikn'ramnndii “ is eel-slia]»('il, 
hut consideralily .shorter iind thicker than a common cel, ami 
covered with very large scales. The lieail is ilatteiied ami 
broad, the eye lateral and rather small, the month iii lioiit 
of the liroad snout and modin-ately widi*. The gilhopeiiiiig 
are a rather narrow slit on each .si<le of tlu* head. There aiv 
no external nostrils. The tail, which is of al)Oiit tlai same 
length as the body without the lusul, is compressed, aii'l 
tajicrs to a })oint, l»ut it is surronmled by a viny broad hiny 
supporUal by innnmerabht line and long lin-rays. 'fliere are 
tw(j fore and two hind |)addle.s, .similar to (‘acli other in sliajie 
and size, and very didermit from the fins of ordinary fishes; 
their central ])ortion being covered with a scaly skin, and the 
entinr jiaddle surrounded by a rayed fringi*. If wi* were to 
cut off th(! hind jtart of the tail of a fish, the* ]tiece wciil'l 
bear !i .strong resemblance to one of the ])aired ])addles. Ihe' 
vent is situated in tin; median lim; of‘ the abdomen hetweeii 
the paddles. 

“ In order to obtain a view of the insidi; of tlie nioatli, it 
is necessary to slit it o])en, at least on one side. We thmi 
notice that there is a pair of nasal openings within and on 
ea(di side of the cavity of the mouth. The palate is arineil 
with a ])air of large, long, dental ])lates, with a tlattish mi' 
dulated and punctabrd surface, and with live or six slim]' 
prongs on the oubrr side, entirely similar to the fossil h’eth 
described under the name of Ccralodm, Two similar dental 
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plates of the lower jaw corrcspoiul to the upper, their un- 
(liilaleAl surface fitting exactly to that of the opposite teeth. 
Pesides these molars, the front part of the n])per jaw 
(vomer) is armed with two ohlhpiely - i)laced incisor - like 
(Iviitjil lainelhe, wliich have no corresi)oii(ling teeth in tlie 
lower jaw. As w(; know tlie kind of food taken hy the 
llarrainimda, the use of these teeth is apparent. The incisors 
will assist in taking np or even tearing olf leaves, wliich are 
then ])artially crushed between the undulated surfaces of the 
molars. 

“The skiiletoii consists of a cartilaginous basis, in the form 
of a long tajicring choi’d for the body and tail, and in that 
(if a capsule for the head. No segnumtation into separate 
Ycrtcbru' is visible in any ]>art of the notochord ; luit it sup- 
]Hirts a considerable number of a])ophyses, tlie abdominal of 
which hear well-develo[)ed rilis, all being solid cartilaginous 
rods, witli a thin sheath of l»one. In the same maniu'r no 
part of the brain-capsule is ossilied, Imt it is nearly ('iitirely 
enclosed ill thin bony lanielhe. 'fliis is also the structure ot 
the appendages of the skull, as the mandible and the hyoid 
and sciijmlary arches. Troiii a study of the skull, it becomes 
aipareiit at once why in fossil teeth of CcnftodKs nothing or 
vciy little of the bone attached to them has been preserved, 
These teeth rest on cartilage as well as on bone, the latter 
teiiig !i very thin and ])orous laycu' which could not bo pre- 
i^erved, unless the ])rogress of stratification had U'en going 
"a with as little disturbance as in the Solenliofeii Scdiiefer ; 
hut the matrix in which fossil ('eratodoiit teeth are touiid 
diows that it was fornu'd under very dillerent conditions, 
and it is certainly not of a nature to })erniit the su]ipositioii 
fhat thin ])orous lanielhe of bone would have been pu’cserved 
uiitire. 

The structure of the skeleton reminds us much of that 
at the Sturgeons, Chimaa’a, and especially of lApulofUiru ; 
■"id of all the nioditications by whiidi it dilfers from these 
lierhaiis none is of greater interest than that observed 

the paddles. The central jiart of the paddle, which we 
^"tve found externally to be covered with scales, is supported 
% a jointed, axis of cartilage extending from the root to the 
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extremity of the paddle ; each joint hears a pair of tlm'o- ni 
two- or one-jointed hraiiclies (fig. 489). This is tlie casein 
the hind as well as lore paddles, and we are justilital in sii],- 
posing that tliose extinct Ganoids of whicli ini])ressi()iis i,f 
paddles with scaly centres have been preserved, were [iin- 
vided with a similar internal skeleton.” 

r])on th(‘ wliole, Dr Giintlier concludes: 1. Tlial Hk, 
Darramnnda is not geiiericidly sei)aral)le from tlic aliiKiM 
e.xclusividy Triassic gtmiis (^rrofodiis, wliich was roinidcil 
simply upon detaclied tiH'tli ; 2. Tliat tlu* Barraniuiula is 
very closely allied to certain of the Crosso])t{'rvgious Ganoiils, 
such as the JHph'rvi^ of th(‘. Old Bed Sandstone, ilie cliid 
difference Inniig, that the tail of the lattcu- is lieteroecn al; 
I). That the oi’der Difiiml should he considenal nierelv le 
forming a sul)-order of the OVoaaWc/ ; 4. That tho, Odutiiihi 
may he united with the J'JldsuiiJinnirhu into a siiigha groii]), 
which may he termed Pa/d irhfin/rs, and which is charadri- 
ised hy having a “Inairt with a contractile l)ulltus arteriasie, 
intestine with a s])iral valve, and o])tic ni'rves noii-d-cia- 
sating;” 5. That the (/ffimiflri, are tlu' Frrsh-d'afrr 
v'liflii/t's, and tlie EhiHiimhrii uch il are the Marinr rajirlclilhijd. 

It would h(^ out of place to (uitei' here into {iny discussion 
of tlui systematic changes above mentioned, as jiroposcd ly 
this distinguish(*d authoilty. Whether th(‘S(i views he ulti- 
mately adopted or not, it seems most conNamii'iit from n 
jiaheontological point of view, to retain the Dipnoi as a 
distinct order (){ tlu^ Fishes in the meanwhile. If this coiirso 
be lollowed, we find that the order can readily, in the liylt 
of recent researclic.s, he split into two distinct sections— llm 
St renoidei^ comprising Lepidostren. and (yrrcffod tfs, laiul tl>'' 
(deiioihpferiai, comprising Dljdenfs, (Jfniodnr, and sonu' otln'i 
less imporliint fossil forms. 

In dealing with the first of tlKxse sections, we may lenvr 
Lepidosireu out of account, as it is not known to occur in -i 
fossil state at all. 1’hc genus Crratodns, however, h.as con- 
siderable geological importance, both intrinsically and froiu 
the light which it throws upon the real structure of tli'' 
(Jtenodipterines. The genus was originally founded h} 
Agassiz to include certain singular dental plates (fig. 
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from tlic Triassic rocks, tlio true relations of wln'ch wore 
tlitiii, and for lonn; after, (jiiite ol)Sciire. We now know, 
liowcver, from the happy discovery of the living Orrfifo(his 
For^tcri, tliat these teeth ninst have belonged to a Dipnoan 



fisli, wiiich must have resemhled Lriihfosirrn in manv r('S]tects, 
C'S|)e(.’ially in its lioriiy cycloidal scales, and its syiinneliicid 
tail and undivided dorsal fin, Imt which a]»])r<tacluMl the 
(’iosso])ie]ygious (lanoids in tlie fact that tlu^ lin-rays of the 
piiivd tins were aiTangcnl round a central scaly lohe. So 
lar as is yet known, the genus Crroforhix do(‘s not 0 (!cnr in 
any dcjiosit of Pida’ozoic age ; l)Ut several s]>ecies are known 
li'oiii tlie Ti'ias, and a smaller num1)er from the Jurassic 
nu’ks. 

On tlie other hand, the section of the Otenodi])teriiies—- 
(listingnished from the preceding chielly hy the heterocereal 
kiin ol the tail, the division of the doi’sal tin into two, the 
I'nsscssiou of enamelled scales and cranial ])lates, and tlu' 
existence ol “ gnlar ])lates” resembling those of the Cross- 
"litmgious (hinoids— has a much higher anti(|uitv, not only 
dating from tlie Dro onian, hut being, so far as known, wliolly 
iaLeoxoic ill its range. The tyjie-genus is Dipfrriis (tig. 

a), of the Old lied Sandstone, in which the body is 
<^eve,red with cycloidal enamelled scales, the tail is extrmnelv 
lietcrocercal, the skeleton is notochordal, and the ])ectoral 
are acutidy lohate. The dental apparatus consists of 
Ovo triangular, convex, ridgml or tuherculated plates attached 
lo the lower jaw (lig. 5 JG, n), and of a pair of similar ])lat('s, 
l^idch are attached to the roof of the month in the middh' 
So tar as is known, the genus Dlplrriis is exclusively 
‘^'*idiiied to the Old lied Sandstone period. In the genus 
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(*/nio(Ifis, of the Devonian and Carhonifei'Oiis, the scales ;ire 
oblong and imbricated, of ji thin and delicate texture, with 
a sinootli central area boniided l)y concentric lines of growlh, 



Kij,'. .Mu;. - A, hlj’li ni.< ]'iili rclnccil iti size am! iv.stdivil - Old Fti d S;iinlst iii' 

(idler l*aiidi-r) ; n, l''riiiil |i'irli"ii el' the lnwer jaw of Itijitn ns /i/iii/iiv- ( lid lied S.iii l 

>ttiiie— viewed IVniii ;ilMi\e iiiid sliowin;' tlie deidiil |dilti'S (idter I’aiajer) ; ( , Miiinliie d 
r tiiKiihis i mil) ii-<iliis, viewed (iiiiii atiuve. slinwin;^' the deiitiil jiliites, nue-liall' id' the ii itiiid 
size, Iriiiii tlie CarliiiiiilenMis (niter liauenek atid Attliey). 


The skttletoii is iiotoclioi’dal, and, as in Dijifmis, enaiiiellol 
cranial plaUis are jtiesent, while the dentition is of the Ivpo 
so characteristic of the lattt'r genus. The lower jaw, namely, 
carrit'S a jciir of tihnigated dental jilates (fig. bdO, c), fl'^ 
upper surface of which is unduhited by diverging ridyi'^; 
and a corresponding pair of plates is attached to the roof 'it 
the palate. The genera Ifulodm and IVflfaliqi/dis of the Ib- 
vonian forniation, have, likewise been shown by Traquair la 
be referable to the ( Ttmodipterines ; and we may also pliae 
here the Devonian genus (\nrhodifs. 
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A M PHI III A. 


I'llK class Amphilnn C(tiiH)ris('s tlu^ Fvoj^s ainl Toads, tlio Sala- 
inamlniids, tho C«:rili<t\ and tlu^ oxtiiict lA(hifn'ii(Ji(i({aiifs, and 
iiiiiy Ih‘ linotly defined as follows: As is tlie case willi tlie 
Fishes, 7avoa7rac, or jUtnnriiis adtipfal for hraifhiii;/ oir tUs- 
siilral in, irofcr, ore alirojfn (Irrrlupi'tl npon Ihr, rinrrroJ ((rehes 
Jill' a loiiffcr or sJiorf.rr fime. On f/ir of /or /oaof, flo' ^-l/nji/ii- 
iioiis differ from the Finliea in fhe fort, f/iat trne lnn;/s ore 
i'li'‘i(ils iireHent in, the <oln/( ; l/o' Iimhs ore iwrer eonrerfed info 
Joes; oiol ir/o'n medofn Jins ore present, os is soinefunes f/tr 
nesi; Ihcse ore never Jiiniished irifli jin-ro/is. The fimhri, mhen 
jireHent, ee/iihif in their s/eeleton the some ports os do the tiinhs 
I'J the hijjher Urt eh rotes. The s/iidl o/iniifs ortieidofes irifh 
the reefehrid eohunn hi/ ineons of t mo oreipitol eioidi/fes. T/o 
iienet eoiisists eif f mo onrietes ond o siio/te nntriele. The nosol 
'^‘^es euinmnnieote iiosteriorl jf O'ith- the phoriinm; and t/o- rectum, 
enters, ond, duets of the reprod urf ire orpons open into a com- 
eoiii, choin ber or “ rtoocof 

I'lie great and distinguisliing cliaracter of tlu^ Amphibia is 
fact tliat tliey undergo a. metamorphosis after tludr exclu- 
"''"U from the egg. Tliey commence life as water-hreathing 
hu’va', ])rovided witli gills or Iminehia'; hut in their ailidt 
stat(* they invariably jiossess lungs ; the hranchia* in tlu' 
higher forms disappearing when the lungs are devi‘h)])ed, hut 
h^'iiig ill other cases permanently retained thrmighout life. 

In the earliest enibryonic condition the branchia' are enter- 
'^'d, idaced on the side of the neek, and not situated in an 
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internal clianiber as in Fislies. Tn some cases the extorii;ti 
branchiae only are present, and tliey are, in any case, tin* (ri||^ 
Avliicli arii retained in those forms in wliicli tlie l)raiiclii;r mv 
permanent {l\i'iin}iilyr(iniMata). In the tailed Aniiiliiliim,^ 
{(Innhln) and in tlie Frogs and Toads {Anoura) two sets of 
gills are (h'.veloped — an external set, which is v(‘ry soon lost 
and an internal set, which is retained for a longer or shoitor 
period. As matni’ity is approached, trm^ lungs ada])ted lor 
breathing air are developed. The development, hoW(!vcr, of 
th(! lungs varies with the com[)let('ness with which aerial 
respiration has to he accomplished; being higlu'st in tliosi- 
forms which lose their gills when grown up 
cliiafit), and lowest in those in which the brandiia.* are iv- 
taiiied througdiout lih; {JWrnn'ihr((nrhi(i(a). 

The class Amphihia is divided into the four orders of tho 
Opliio/norpha, UroihAt, AnoHrif, and J/ihyriitf}iot}o}ilia. Tlio 
first of these includes only the ser])entilbrin animals known 
as On-ili/r, and not having any certain fossil r(!presentativ(‘s, 
may be altogether ])ass{!d over hei’c. The order UnAiii 
comprises the so-calhid tailed ” Amphibians of the iireseiil 
day, such as tlu; Newts and Salamanders. The earliosl 
tracus of this order in p;ist time, with some doubtful exe(p- 
tions, occur in the Tertiary dejiosits. The ordei- Anoix-^^ 
includes the so-called “tail-less” Amphibians, such as llir 
Fn ►gs and T(aids, and is not known to have existcil in 
periods anterior to the Tertiary. Lastly, the ordiir Lnhii- 
I'uilJuAviif HI is entirely extinct, and is known to Inuai v\- 
isted mainly during the (kirboniferous, rei'inian, and Triassii 
])eriods. 

OliliKl: 1. ItjojOELA ( - Irlidn/otitorp/iH , Owen; Ainirohitii'y- 
i-hiH ). — This order is commonly S])oken of collectividy as tlml 
of th(! “ Taih-.d” Amphil)ians, from the fact that tlu; larval tail 
is always ndained in tlie adult. The Urodcht are charac- 
terised by having the skin na.ked and almost invariably 
■ilestitiiti! of any exoskeleton. Tlio body (fig. 5:17) is elon- 
gated ])osteriorly to form a compressed nr cylindrical tail, 
wliicli is permanently retained throughout life. The (basal 
N'ertehrie are hic,oncav(‘ or concave behind aii'l 

conv(3X in front {opisthocrdoiiH), and they Inive short ril's 
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■iitadio'l to tlie transverse processes. Tlie l)oiies of the fore- 
inii {raillns and vJna) on tlie one hand, and tliose of the 
shank (/oVoh and JlhuUt) on the other, are not anchylosed to 
lorn I siiii^de bones. 




The licst known of the existinij Frni/r/>i are tlie Kewts 
Ti'iloii), the Salanianders [StdcniHnidrK), the ]\lud - eels 
iSlrai), the Axolotl and the ( Jiant-salaniaiiders 

dllnioimna). Some of those are “ jHinmnihranchiate ” re- 
dlining the hr;inchia‘ throughout lili* ; others lose tlie 
''lanchiie, liecoiiiing thus “ caducihraiiehiat(\” hut retain the 
I'l'aiiehial a])ertures behind the head ; others, lastly, losn 
iidtli the hrauchia' and the l)rauehial a]»ertures. IMost of 
tlie ilrodda have the four limbs well deveh)})ed, Imt sonu* 
only the anterior liml>s. 

llie geological history of the Uroddo is short, and ol 
‘^niii]);u-a,tively little importance. The most aneient I'orms 
^'hicli have been referred to this order are the ot 

I'einitz and the PruiriUm ()S. llaudry; hut the triu' ])osition 
'^^'1 tliese is not altogether certain. Tlu‘ formm’ is from the 
hower rermian, and is believed by its discoverer to be a 
^ todelaii, and to be most nearly allied to Sum Inirduu' : 
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claims to be regarded as a true Urodelan. Its sbin seems 
to have been naked ; tbe liead is larger tlian tliat of HtOa- 
.iiriulra, and tbe tail relatively much shorter; the orbits 
liciior very large, tlie ribs short, and the limbs short and t(g- 
radaeiylous. M. Gaudi’y suggests, furtlior, that the Apntcon 
hrirslris and Felioti {Rdnirqjs) LycUi of the (jarboniierous 
iiuiy tui’ii out to be Urodelans allied to rwfnton. 

Witli tlie above exceptions, if they really be sucli, tlie 
m'(i(‘r JJmli'Id has not Intherto been shown to have existed 
in times anterior to the Tertiary. in strata of this age 
liave l)e('n discovered the remains of Salainandroids in all 
fuiKlaiiioiital respects resembling tlie now existing types. 
Tlio most reniarkaVtle of tliese is tlie Jndrids Schcurhzrri (fig, 
.‘i.'hS) of the Miocene lunls of Oeningeii. This singular fossil 
WHS (lescrilied by its original discoverer as human, under the 
iianie Jfoino dihirii testis; but it is really the skeleton ot 
, a Siilamandroid of birge size. It is very closely allied to 
llie (liant-salamander {Mniopomd, or Sieholdiet, mti.'iriKf) of 
-hiva. 

OiiDKR IT. Axouua ( ^ Ikdraeliui, TTuxley ; TJu rioiiiorpiid, 
Owi'ii; Cdi.eloiiohdl !'(( cilia, Ac.) — This order includes tbe Frogs 
and Toads, and is ]»erhaps lu'st designated by the name of 
Aiioiiea, or '‘Tail-less” Amphibians. The name Ratrac/iia, 
‘'niployed by Huxley, is inex))edient, jiaiTly because it is 
used liy Owen to designate the entire class Aniphihia, and 
I'Hi'tly because, in common languagiy it is usual to under- 
'laiid by a “ Ikitrachian ” any of the higher Amjdiibians ; 
''Ueh, for instance, as a Labyrinthodont. 

'file Anonra, or Tail-h'ss Am})hibiaiis, are characterisi'd Tiy 
tlu! following jHjints : The adult is destitute of both gills and 
tdl, l)otli of which structures exi.st in the larva, whilst tbe 
hvo pairs of limbs are always |)resent. The skin is soft, and 
tluM'e are rarely any traces of an exoskideton. The dorsal 
'‘‘'lUibra' are “procodous” or concave in front, and are fui- 
*'idied with long transverse processes, which take tlie }dace 
dbs, which are only present in a rudimentary form. I'lu' 
'•dius and ulna in the fore-lind), and the tibia and lilmla in 
liind-limb, are anchylosed to form single bones (fig. d.'Ft). 
mouth is sometimes edentulous, but the up})er jaw lias 

IT. M 
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usually small tcctli, and tlic lower jaw sometimes. Tlie liiii,|. 
limbs usually liave the digits webbed tor swiuimiug, and mv 
geuerally uiueli larger and longer than the lore-limbs. 



FiK- Skeleton of llic eoiniiioii I'ron(/‘’"»" t' liii unirin). t/, Ddrsiil veileln.r, 

with loiij^ tiaii.-svelse |ir<ices.se.s. 


Tlie geological bistory of tlic vo, as iu the case ol tlif 
J^rodrhi, is of snuill im]»ortauce. The two chief- groups nt 
the living Anourn — namely, the Frogs :ind the Toads— fUf 
])Oth represented in ])ast time; but they do not apjieai' 
havt! come into existtmee till after the commencemeiit ol 
Tertiary period. Most of the fossil forms have been detrclol 
in deposits of Mioctme age. 

OuDKK IV. LAiiYiJiNTiiODONTiA. — The members of this, lb' 
last order of the Ani])hibia, are entirely extinct. They ^veu' 
l>atr:ichians, probably most nearly allied to the Urodrhf, bit 
mostly of large size, and some of gigantic dinumsioiis, tin’ 
skull (d* one s])ecies (Lahifrinthod()n ,fa'ijvn) being u])Wiu<b "I 
three feet in length and two feet in breadth. The iai'i)' 
rinthodonts were linst known to science simply by their leet' 
prints, which were found in certain sandstones of the- age 
the Trias. These footprints consisted ol' a series of alteriiat' 
pairs of hand-shaped impressions, the hinder print ol eat 
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liciiig inucli largor than the one in front (fig. 541), So 
lik(' were tlicse impressions to tlie shape of tlie human liaml, 
that the unknown animal which produced them was at once 
i liristciKMl Chnmlhrrimu, or “ lfand-l)east.” Further dis- 
covciii's, however, soon slioweal that the footprints of dhciro- 
ihn'iiiin had Ixnm produc^al by different species of Batra- 
cliians, to wliich the name of Lahyrintliodonts was ap])lied 
ill (oiisfMpience of the complex microscopic structure of the 


'I'Ik! onh'i’ L<ih}iri)ilho(h)ntm is thus defined hy Ih'ofe.ssor 
Huxley : The body is salamandriform, with relativ(9y weak 
limits and a long tail. The dorsal vertebra*, when completi'ly 
osdticd, are biconcave, with double transverse processes. The 
lilts have distinct capitula and tadiercula. 

“ 111 tlie thoracic ?'<‘gion, three superfiidally sculptured exo- 
skdctal plates, one median and two lateral, occu})y tlie place 
(if the iiiterclaviclc and clavicles. Between 
tlu‘se and the ] tel vis is a jteculiar armour, 

IVii'mcd of rows of oval dermal })lates (fig. 

'’'dO), which lie on each side of the middle 
liii(“ of the abdomen, and are directed ob- 
litiucly forwards and inwards, to meet in 
that line. 

"The skull has distinctly ossified epi- 
oti(3 hones, in the same ])osition and of 
die same form as tiiose of fishes. The 
taaiiial hones are sculptured, and many (*.\- 
liihit peculiar smooth symmi'trical grooves 
- the so-called ‘ mucous canals.’ 

“dlie ])arietes of the teeth are deejdy jtlaited and folded, 
as to give rise to a complicated ‘ labyrinthine ’ ])attern in 
da* transv('rse section of the tootli.” 

Ihere appi'ar usually to have been botli jiairs of limbs 
'^''''d(tp(Mh l)ut some forms which have been referred lu*re 
^■'’iicli as Ophuh’rpHim) possessed a serpentiform body, and seem 
h' have bei'ii apodal. Little is known, necessarily, of their 
' aoilopim.iit;^ but the singular genus Archcfjomvni^ possessed 
paiiiiaiieut branchial arches, and was, therefore, a])))arently 
P^Bmnihrauchiate (if not truly a larval form), whilst its iioto- 


FiK'. r.Kl — One (if tlu' 
iiilO'^iiiin iit iry .siutcs ol' 
.1 nth nii'ifS/i >1 nis 
oiii’ lialf (tf tlu* iiiitnral 
sizi*. e<vil - UK'asuios. 
(Artur Attlu'V.) 
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chord was persistent, and simply had rings of t)Sseoiis luiittci 
de])osited in it. 



Tlie ])oiiits in wliich the Latv- 
rintliodoiits diiler from the iiiudoin 
Urodcld. are cliietly to be founil 
ill tlie fact that the head is de- 
fended hy an external covering or 
helmet of liard and polished (isso- 
oils plates, ill the ])Ossessiiiii of 
ventral intc^giiim'iitary scutes, in 
the existence of exoskeletal ])lati‘s 
occujiyiiig the jdace of the iiitti- 
clavicle and clavicles, in the am- 
])hic<«dons form of the doi'sal vti- 
t(d»r;e, and in the cuinplicatcd 
structure of the teeth. TIk'so 



Fig. .m. Footjiriiits of 11 Iiiil»vrintlio«l(>iit (J hiirothniinn), from Uir' 'I'lias. H"' 
tigiiit! shtiwH a Mingle foolpriiil eiiliirgwl ; the lower Jlgure mIiowm ii .slal>, with scvi ial 1'"" 


itiid tiiiveiHCil by reticiiliited <lesi<;eatioii-cmekH. 
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ast-rncntioiied organs arc not only often very numerous, but 
ire of large size. Tlie sulijoined illustration (tig. 542) shows 
L beautiful and complex structure of the teeth, from winch 
*lu! name of the order is derived. 



As regards their general distribution in time, tlie Laby- 
rintliodonts range from tlie farbonilerous rocks to the Idas, 
liut sonic of the tVirms commonly included in this ordei ma> 
pcrliaps belong elst‘ where. One type ol the Labyrinthodonts 
is constituted by the singular genus and the 

less known Apateon — Itoth irom the ( arlioniterous locks. 
Arr]i('(/(miiriis is rmnarkable in having the iiotitehoid pei- 
j^istent, and in the possession of jiermanent branchial andies. 
It lias lieen made by l»rofessor Owmi the ty])i‘ of a separate 
giou]), the aamHrphahi; but it is probably an immature and 
lai'val form. The occijiital condyh's, also, (h) not seem to 
bav(‘ been ossified in the Arcluuo^aKrin. 

fh tlie Carboniferous Labyrinthodonts the most impoitant 
iteiiera are Anthrnwmurus, Pteroph^r, Loxomnut, Krrafnprhii, 
^'holhlogaskr, Ophiderpdon, Ivhthuerpdon-, Uwamdijlus, Lcp/cr- 
pdoii^ Baphckn, lianurpt^, Doid mpdon, Jfiflcrpdon, and 

though the affinities of some of these are more or 
doubtful. Most of the Carboniferous Labyrinthodonts 
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were oC coinpiiratively siiuill size ; but some, sueli as 
cfcs aiul Anlhniamurm (lig. b44), must liavo att;iiiii. 
gigantic climeusioiis. All tiie above - meiitioiied uvii,,, 
seem to have possessed well-ossilied vertebra*, willi, mo^ii, 



pju .VM.— L'VI'‘T siirf;ic(‘ of (he iskull of Aiil}ir<u'«.uniru>i , oiic-sixtli of llic 

jialural size, (.'oal-iiioahiiic.s. (After Attla'y.) 

well-developed limits, the form of the body being nidsily 
sidamaiidriform, Init soiiu'times lisb-likc, or seipeiititoi'iH' 
Ojihulrrpcfoii, liowever, is belitiVed to have bt'.eii devoitl d 
limbs. 

Ill tlu; rermian rocks, a f(;w remains of l.abyriiitln'd'iit^ 
have been discovered, the genus Zi/(jos((imiA being jteeiiliar 1" 
this jteriod. 

In the Triassic rocks the rfiinains of Labyrinthodoiih 
abundant, the most imjtortant genus being 
MiiAiUnhinmimt^ (fig. 548). This genus is known mainly 1'} 
footjtrints and Ity crania; and tlie size attained by 
s[)ecies must have been colossal. No remains ol' this oihi 
have hitherto been di.scovered in rocks younger than 
Trias, with the exce[»tion of the Tdassic lih/mmtnrus, ami tli^ 
doubtfully Jurassic JJracht/ops. The absence of exaiJil*l'‘s 
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r. l.v..e wul varied older in Uic Crelaceous and lert.ary 
? -u" coupled with the fact that Aiupluhiaiis ot an al- 

'''’’uk.v rLn type, oecnr in tl,e early part ol lla., last ol 
I'lL periods, seems to ren.ler it certain that the evolution 




luiocsl ip.C'tli-- iiatui'iil sizi*. 

.,f tl,e n.uv existing onhu-s of A,„i>hihin must have taken 
place through some other channel than llirougl. the hal.>- 

in the later portion of the l-ala ozoie period, hovvever ami 
in the earlier i)art of tlu* Mesozoic, \ve have evidence ot t it 
existence of an immense numher of forms heloiK^iinj; to le 
hahyriiithodonts. Uauy of these forms are at invseiit very 
imperfectly known; often they have ht'cn dt'scinu 
'inly very fra;j;menLary remains; and it Mould he a to_,t ic 
nut of the question to give liere anything like e\cn a ..entia 
aeeoniit of their peculiarities. It may he of advantage, how- 
ever, to subjoin here the classilieatorv table oi the ordei 
which has iieeu drawn up by Prok Hiall, who has devoted 
special atteiitioii to this group of fossils. 

Tmuilar View of the ('lassification of the Lahyuinthodoniia. 

A. (.httni of dorstd vt rtchrd’ t to -d). 

1. EcGnvPTA.-lVauiitl hones strongly sculptured; lyra conspicu- 
ous; uiaudihlc with a well -developed post -art uadiu; powess. 
Teeth conical, their internal strueture complex , 'hntim 
folded. Palato-vonieriiie tusks in series "’Uh sma ' j - • 
short inner series of niandihular teeth, bcii p aici i ^ 
plates, with a rellecLed process upon the e.xteinal border. 
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* Palatine foramina lanje, aiyproximaied. 
t Mandible with an internal artienlar proee.'is. 

It Orhita central or poderior. 

1. Mastodonsauius. 

2, Capitosaurus. 

Pacliy^^onia (/). 

4. Treiiiatosaunis. 

5. Guiiio'^lyptus, 

Orbit s anterior. 

G. ]\Iftoitias. 

7. raibyrintlKKloii, 

ft Mandible leithont internal ariiodar buttr(.'<<. 

8. Diad(4()L,MuitliiiH. 

** Palatine. /<))'( tmina sinall, disfatif. 

0. Dasyccps. 

It). Aiithracosaiirus. 

I I. liilAciivoi’iNA. —Skull parabolic ; orbits oval, central or anlfiini 
Post-articular ju’occss of inaudible wanting ((), 

11. P.racliynps. 

12. Miciojihdlis. 

Id. Kliino.saurus. 

14. Holhriceps. 

III. ( 'n.\L’Lloi)f)NT.\.- -Skull vaulted, triangular, with large pnstii" 
lateral e.\|>ansi()n.s. Lyra consisting of two nearly straiglil leiii;i' 
ludinal grooves, continued backwards us ridges. Orbits moilir- 
ate or large, posterioi-. Temporal depressions passing Itackwiinb 
from the orbits. No })ost-articular process to the iiiaii<libk 
'^reeth iimapial, clustered. 

* Teeth U'itlb larije antirior and poKterinr enttiiaj-edyea. 

Id. Lo.xomma. 

** Teeth, conical. 

IG. Zygosaurus. 

17. Melosaurus. 

IV. AKTiiRobno.\T.\. — Ma.xillary teeth wanting. Vomerine teelli 
aggregateil. Orbit imperfect. 

IH. liatrachi<lerpeton. 

19. Pteroplax. 

[V. An unchai-acterised group for the rece])tion of some or all eil tlu' 
following genera.) 

2t). Pholidogaster. 

21. Ichthyerpeton. 

22. Pholiderpetoii. 
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YI AiiCHEGOSAURTA. — Vertebral column iiotodior<lal. Occipital 
condyles unossilied. 

23. Archegosanrus. 

Centra of dorsal vertebrae donyakd, coatrackd in the imddh~(Gomvo 
V \[ HemLtiirepta.— Skull triangular, with a produc.d, tapnaiig 

snout. Orbits cmitral. Mandibular .synipby.sis very long, about 

half the length of the skull. 

21. Lepterpeton. 

VIII. Nkctuidea.— E piotic cornua much produced. Suj.erior and 
inferior processes of caudal vertebrie dilated at the e.xlieiiiitie' 
and pectinate. 

25. Urocordylus. 

2<;. Keruterpetou. 

IX. Aist(.)1'<»da.- — L imbs wanting. 

27. Ophider})eton. 

28. Dolichosoma. 

X. .MlL'KOSAURlA.-TlionK-ic l>lAU.a unl<nmvi,. Us.ili.ali.in ..flil.il- 

Iwiu'.t int.imi'K'l''. Ui-Iitiuc nearly ..r altu-.’tliiT iwn-i.lii .ilc , 
pulp-cavity large. 

2'.). Dendrerpeton. 

3(». Hylonomus. 

31. Hylerpelon. 
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UKPTILIA. 


TifK true Ticptiles ami the Ririls, milikc as they an*, in ex- 
leniiil apiieiiraiice, an; nevertheless related to om; another l»y 
various i)oiiits ot allinity ; so tliat they may well l)e included 
in a single division, which Inis licen t(;rnu;d Sai(ro/).si(la by 
Hux'lcy. The Sanwjmda are deiined by the ])Ossessioii of 
the I'ollowing characters: At no period of ceisfence. arc hran- 
rli.io\ or v:((ter-hrea(hin<f rcrjnratorif onjans, drrrlojnd npoii the 
i'dceral ((relies; flic red corpnscles of flic htood are iiiielealcd; 
Ike sliidl artieidafes ii'itli, flic rcrfehral eoliinra hi/ iia'ans of 
(( diojlc a rfieiilaf ha/ surface or cond//le; and each, half or 
" ritmits” of the loirer jaie is eoiiijiosed of sereraf pieces^ and 
<< rlindalcs lolfli. the sl'idl, not direefli/, hut hi/ the intcrrcidioii 
«/ u pee id in r hone, called the “ ipiadridc hone," or “ os i/uad- 
eiifirm " (tig. 540 ). 

Tliese being the eoinmon eharacte-rs oi Re|>tiles and 
birds, liy which they are collectively distinguished from 
other Vertelmites, it remains to iiu^uire what are the cliai- 
ticUns by which they are distinguished from one another, 
fhe following, then, are the characters which sc] )a rate tlu' 
Ihpiiles from the birds : The hloed hi Ihpfilcs is cold — that 
h to saij, slii/hthj wiirmcr than the external incdiuin — oiriia/ 
iiiui'fdi/ to the fact that the puhnoiiary and si/stcrnic circula- 
hulls circ always directly connected toycthcr, either ivithin the 
heurl or in its immediate ncic/hhourhood, so that the hody is 
^rpplicd with a mixture of venous and arterial htood, m plar.e 
V pnee arterial htood alone. The terminations of the hronchi at 
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the surface of the lumj are closed, and do not commvnLeide ir^n 
air-sacs, idaccd in dilfercnt parts of the hody. When Ike rji;, 
denn is develops horny structures, these are in the form if linemt 
plates or scales, and never in the form of feathers. The fn;. 
iimhs arc formed, for various yu eposes, inrhaliiiy in some ivti,, 
even Jliyld, hut they ave -never constructed upon the type of tl 
“ U'inys” of Birds. Lastly, u'ith one or two doubtful e.ircptmn^ 
whilst the anlde-joint is placed between the distal and jworliiifil 
portions of the tarsus, the tarsal and mefatarsal bones if l}„ 
hind-limb are 'never anchylosed into a. sinyle. hone. 

These are the leadintf characters l)y whicli rve[)(il('s arc 
distiie^iiished (Voni ]>irds ; Imt we must not forget the (itlin 
distinctive })ecnliarities in wliich lie])tiles agrees with 
and differ from other Yertel)rates — namely, the aliseiice nf 
branchim at all times of life, the possession of only one 
occi])ital condyle, and tin; articulation of the conijdi'x lower 
jaw with the skull by means of a (juadrate Ixnie. 

It is now necessary to consider these characteristics oftlic 
Reptilia a little more minut(‘ly. Tin; class includes the 
d'ortoises and Turtles, the, Snakes, the Lizards, the ( Tocodilcs, 
and a nund)er of extinct forms; and with the excejttioii ol 
the Tortoises and Turthjs, th(!y an^ mostly of an elougitel 
cylindrical shape, ))rovid(;d ])ost('riorly with a long tail. Tlit' 
limbs may l)e altogether ab.scnt, as in tin; Snakes, or iiuite 
rudiiiKuitary, as in some of the Lizards ; but as a gcmeral nik 
l)oth ])airs of liinl)S are present, sometimes in the Ibriii ol 
andudatory legs, .sometimes as swimming-})addles, arid ii> 
■some (ixtincT forms modified to subserve an aerial life. Th- 
endoskeleton is always well ossified, and is never carlitir!'- 
nous or .semi-cartilaginoii.s, as in many Fishes and some Am- 
])hiliians. The skull articulates with the .atlas by a siiigf' 
condyle. The lowcu' jaw is <;om])lex, each half or 
being coniposed of from four to six ])iec.es, united to one an- 
other hy sutures (fig. r>4()). In the Tortoises, however, thesi“ 
are anchylosed into a single ])iece, and the two rami aiv 
also aiichylo.sed. In most Keptiles, however, the two rami "1 
the h)wer jaw are only loosely united — in the Snakes 1'} 
ligaments and muscles only, in the Lizards by fibro-c.artilag'- 
{ind in the Crocodiiia. hy a regidar suture. In all, tli(3 lowei 
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articulates with the shull hy a quailratc hone (lig. 540, «.) ; 
"" ‘h this often projects backwtn-ds, the opening of tl.e 
li often very extensive, and may even extend beyond 
'r"t«e i the sLdl. Teeth ttre msutdly prese.d, but are 
, ‘,t sunk in separate sockets or alveoli, except in the broco- 



(liks and in some extinct tonns. In tlie Tortoises and 
Turtles alone ot livin- types tliere are no teetli, and the jrws 
iini simply slieatlied in liorn, eonstitntiie^ a kind ol beak like 
ilial of a bird. 

llilis are always present and alwMVs well developed, but 
they diner mneb in form. It is not correct, Iiowever, to 
regard the ])i’esence of ribs as sejiarating tlic tine lieptih s 
fi'oin the Amyliihin, is sometimes stated. Some ‘d fbe 
most Lizard-like of tin; Amidiibians, sncli as the Siren, 
possess short but well-develojied ribs, and rudiments ol ribs 
:u‘e tnieeable in other orders; whilst in the taulta tlu } 
Hie laige and wcdl developed. 

As regards the exoskeleton, all Keptiles liaAO lioiii) 
qLlcnuic seales, and they are divided into two great see- 
lions — called respectively Aquamald and Lonvata aceord- 
>1'^ !is the integumentary skeleton consists simply ot these 
^(■Hles, or there are osseous’ ])hites developed in tlie derma 
W(dl. In the Tortoises, tlu* epidermic ])lates unite with 
die hony exoskeleton and with the true oiuloskeleton to form 
die case or box in wliich the body ot these animals is tn 

closed. 
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Tho cinss TlqiHlia is divided into the followinu; ten rmli'iv 
of wliicli tlie first four are represented l)y living furms 
whilst tlie remaining six are extinct: — 

1 . (Jhrhmia (Tortoises and Turtles). 

2. Ophidla (Snakes). 

3. Ldrertilia (Lizards). 

4. Croro(filla ((T’oc.odiles and Alligators 
0 . IcJitJujoptCi'Uffid. 


a'criil, 


Sd((ropteriff/i((. 
A noinodo/ituf. 
lit’rosauruL 


E.xtinct. 


9. Deivosavrla, 1 

10. Tlmriodoulid. / 

As regards tladr grmeral diMrihvfhm in thn<’, the liqihl'm 
attained their niaxinium of devtdopment in the l\lesoz(jic 
l)eriod, which has hence often l)een called tlie “At^eof 
ih']»tiles.” If the Elgin Sandstones, containing the remains 
of Trh'tprfon and Ahiijonolqri^, he of Triassic age- - as seems 
almost certain — then no Iteptile has as yet been diseoveieil 
in the Devonian rocks. In the (’arhoniferons roeks, the 
))lace of the true liCjitiles seems to have Ikhui taken liy llm 
Am[ihihian group of the LaLyrinthodonts. It is imssilile, 
however, that the little of which three species 

were discovere<l in the Doal-strata of Nova. Scotia, by l>i' 
Dawson, may he Lacertian in its aiiinities. It is als" 
piossihle that the vertebra* from strata oi‘ the same nee 
descrilied by I*rof(*ssor Marsh under the name of 
Aanlirnsia, may Ixdong to a marine reptile allied to Jrlithp- 
murvs. In tlie Permian rocks the first undouliteil rmptilin" 
remains occur, the J*ro/()ros((irrifs of this ])(*riod being a fn- 
certilian, and other forms being known as well from deposits 


of the same age. 

Throughout the whole Mesozoic series, lleptilian reiimii'" 
are abundant and belong to numerous and strange typc'^ 
(Jhelonians and true (Crocodiles, with Lizards idlied to exiS- 
ing forms, make tluur first appearance in dc])Osits beloiiging f" 
this period. The extiiuit orders of the Jv}dhy(q)fmi(jl(t, >SV//ccy' 
tcryffidy Aminodonlut, Vlrromurw., Tlu'/riodirntia^ and /A o/oNe/' 
rid, not only first appear in Mesozoic dejiosits, but are excln 
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eontmed to rocks of this a,c. In the Tor any per.od 
: . tl.c renmins of Hei-lik'-S are co.opaw .vc y rare, and 

5: ;„nl.er of types is nn.cl. re.lueed. Tl.e hv„,, order 
Il„. OMia, liowever. makes its hrst appearance in the 
; „ Hry deposits. In the following view of the characters 
; i!tril.ution in time of the orders of the llevitdes, it wdl 
i'e Klvisahlo to consider the recent onlers lirst, thongli this 
, ,‘ ,t in accordance with their natural arrangement. 

1 CilHtoM.t.— The first order of living Keptiles is 
,,,,t Of’the f7»/»iim, comprising the Tortoises and Turtles, 
,url distingiiislied hy the following characters; Thnr ^ ,n, 
toil, vhh'h i» rmnhmnl witk I n- o 

„ l-M of ho„y ro,sr or ho.r in vlurh thr My .f IM 
I's ond irhirl, is rorrrrd hy o hrdl„:ry .s/.ao, 

hy horny rpidmnir ploUr. Thr dor.d rrrtrhr<r 
Umorahlii ronnrrkd foyrihrr, and orr dnoid ^1 Iroimr,-,, 
The rdm ore yreolly e., ponded (Jiy. t>47, r), on. 
eeevndrd fo one onother hy nninren. .sv, Ihot the n-olh of he 
eorUy ore immorohk. All the hones of the Aid! 
eoTpl the lover j,m ond the hyoid hone ore immorohly vinleO 
hflher. There ore no teeth, ond the ,/oir.s ore ineosed in horn 
■ »: , 1 ., to form 0. hind of heoh. The heort is three-ehomhered . 

fkr xnitrinihd’ srpfAdii h'duj i)iij)nj<rf. 

or tliesc characters of the (Mania, the most importimt 
and distinctive are the nature el the jaws ami tln^ stun tun 
of the exoskfdetoii ami skeleton. As re-nr.ls tlu‘ lirst ot 
till', se ]i()ints, the lower jaw in the adult ais to ton. i^t 
nf a single piece, its complex character heing masked l.y 
aiuhylosis. The se])arate iiieces which reallv compose each 
vamus of the jaw are immovahly anchyloscd lonrthci, mn 
the two rami are also united in trout hy a tim hoii} union. 


There are also no teetli, and the ed-es of tlie jaws an- 
diiiply sheathed in horn, constitutin;.a‘ sharji beak, d s 
lyaards the second of tliose points, llic honv c.ise in w m i 
the hudy uf a Chelonian is enclosed consists cssimtially ot 
two pii'eos, a superior or dorsal piece, j^eneiallN lonux, 
'■ailed the “carapace,” and an inferior or ventrA puav, 
gtiierally Hat or concave, called the “ plastron. Ha cam 
hate and plastron arc iirmly united along their edges, >u 
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are so excavated in front and heliiiid as to leave a])ertnTi‘s 
for tlie head, tail, and fon* and liind limbs. Tlu; limits and 
tail can almost always be witbdrawn at will under ili,. 



Iml' ' 07 . of U>'^ jiliistnni lii'iti;,' n iiinvi'il. ivf, 

/, "H'iitlv ;iii<i iiiiitod tiy their etlp's ; Se,i|iuliii aivli, iilared witliin ll" 

. ii.ijMi e, ati<l eanyiii^i tlie foie-liiiihs ; IVlvie airh, also placcil within tlie l•lll■a]lal■t^ aii'l 
' ii lyiii^' tlie liiii'l litiil'S. 

slicltcr of tlie tboraeico-abdominal case formed in tliis w;iy 
liy the earapata; and jdastron, and tbe luaid is also geiieiallv 
iclractile. 

The caraytace or dorsal shield (fi;^c dTB) is comiioscd '>1 
tlie followin'; elements:- 

1 . The, sjtinons jtrocesses of the dorsal vertebrie, 

;ire mneb ilattened out latitrally and form a series of hread 
plates, which are eight in number, and are termed tin' 
“neural jdates" (■/<,). 2. The ribs (/■, v) are united with 

broad and ilattened ydates of lione (e', c'), which are eAtic 
nected with one another liy lateral sutures, and are kiie'vn 
as the '‘costal ]>lates.” In some cases, however, the costa 
[dates, instead of being united by the whole of their lateia 
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lefive marginal apertures towards their extremities, 
.,iid these openings are simply covered by a leathery skin or 
liv lioroy jdates. 3. The margin of the (■ara])ace is (^oiii- 
jleted by a series of bony plates, which are called the 
“iiiaruinal plates” (fig. 548, m, m). These are variously 
iv'-anled as being dermal bones belonging to the exo- 



I 
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Fi,;, ri4s.— TniiisviTsc scrtion of t)i(' skc'lctoii of Chihiiii niiihi< in tlio dorsal rciiion, r, 
l;>i4y Ilf (iiKMif flic dorsal vt‘)iclir;f ; a, Kx]>:iiidcd siiinoiis process or ‘‘ neural plate ” of tiu* 
Mine; i\ Kills; (■', !■', “CosKd jdates;” m, m, Maiy^inal plates; ji, /i, Lateral eleiiienls of the 
t I'liiSreii, (After Huxley.) 

skeleton, or as being endoskeletal, and as repi'eseiiting the 
Dssilietl cartilages of the ribs (in this hist case tlu' marginal 
jiliitcs would correspond with what art' known as tlu' “sternal 
fills ” of birds). Of these marginal jdtites Iht* one in the 
middle line of the cara])ace in I’ront is known as the 
" nuchal ” plate, and is larger llitin the rest, while tlie 
'''UTi's])oii(ling plate behind is ti'rnu'd ihe “ J'ygal ” ])late, 
lig. 550, nn and ju/). 

blu; “jdastron” or ventral sliield (lig. 5411) is composed of 
nine liony ])i(;(;es, of which eight are in pairs, and the ninth 
<'d(l. Of paireil pieces, the. anUaior arc the i pisfcrnuls, 
dm itiiddle pair the hfostenuds, and the himler ])air the 
hljx^dcnudH^ while the unjiaired piece is ternietl the .riphi- 
(lig. 549, .os). The precise nature of the hones of the 
I'lastron is still a matter of some douht. Some ri'gard llu'in 
wholly corresponding with the sternum or breast-bone ; 
"tilers regard them as wholly integumentary; while others, 
'k^aiii, hopi — what is doulitless the correct opinion — that tin* 
1'lri.stron is formed partly of hones belonging to the eiulo- 
proper and representing the sternum, in part at any 
‘‘ho, and fxirtly of integumentary ossilieations. 

11 . 


N 
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Botli tlio carapace and pl.-istron arc covered by n sin'iis i,f 
liorny plates (rarely wanting), which arc dcvch)))e(i in []„, 



e]»iderinis, and which are pcnfectly distinct from tlie 
which they cover. As encasing the ii])])('r surface of llif 
carapace, these plates have a general arrangement eoiiforiniii;: 
witli that of the bony ])lates beneath, though tlieiv is le 
numerical corresjtomlenco bc^tweei] tin; two. Thus the cam- 
]»a(‘e, as we have sei'ii, consists of (1) a median series d 
“ nenral” jjlates (hjveloped from the vertebrae; (2), a laloml 
sei’ies of “ costal ” ])lates mi each side, corresponding withaii'l 
largely formed by the ribs ; and (2), a perijdieral scries el 
‘'marginal” plates (see lig. obO). Similarly, tlu; epieleniin 
plates (fig. 550) are a.rrangcd in (1) a median, “ vcrtobral 
or “ nenral ” .scries ; (2), a lateral sm-ies on each side "i 
“ costal ” .scutes ; and (d), a series of “ marginal ” scutes 
The “ verteliral” .scutes, howe.ver, are only /fee in mimliei* 
and each series of “costal ” .scutes consi.sts only of/ccr pieees 
so that the numl>er of epidermic plates is much smaller tine' 
that of the bony plates beneath. The “ marginal ” scutes, o" 
the other haml, correspond in number with the luargin" 
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rally to be fossils in niarine deposits ; and tlie l)r(3.servali(iii 
of all tbe Cbelonians alike is rendered easy by tlie iud,.. 
struetible nature of the case in which their hodhs aiv 
enclosed. 

Tile Chelonians may be divided into sections according 
tlie liml)s are natatory, are adapted lor an ampliibions lii;. 
or are litted for terrestrial pro^o'ession. In tlie lirst of tlicsp 
sections are tlio true Turtles {Chriottiidir), which freriiient tin* 
sea, and are distinguished by their depressed and llaitoiicd 
carapace, and by their oar-like limbs. In the second so rimi 
are the liiver and Marsh Tortoises, com])risinn' the, Suti 
Tortoises (Trlimtfridxr) and the Tci’rapins (Einjidiihr), li, 

the third section aiv rlie 
true Land-tortoises ('/'-v 
lin/lnidn), distiii^iiislitd 
hy their stron^iilv cimvrt- 
cara]»ace, and liiiilis inl- 
a])t(!d for walking iijiini 
the land. All tlicsi' llinv 
sections an* iv]n‘S('iitiM 
ill ])ast time, tlu^ Tiirtlo, 
y'j'lo/i i/rld/t’^ and 
didtr ap[)(airiii,n' f'l' '1"' 
lirst time, so far as i' 
(an'taiiily known, in th 
Jurassic series, wliift 
the yVsf ikUii idfi' do rut 
app(*ar till the onii- 
meiicemeiit of the 
tiary e.jioidi. The eaili^'^t 
}kii.stnii. Ldwri-ciijiik. ajipareiit traces of fln'h' 
Ilians occur in the Li'i' 

mian rocks, in the lower ])ortion, that is, of the New Led 
stone ol the older {.^eoloffists. These traces, however, are ii"t 
satislactory, since they consist solely of the footprints "t the 
animal upon the ripple-marked surfaces of the sandstone 
01 this nature is the Ckdichnits Dunrani, described hy 
William Jardine in his classical work on the ‘ Ichnoloov’d 
Annandale in Dumfriesshire. It is not, liowcvcr, till 
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leacli thfi Jurassic period that we meet with uiie([iii vocal 
I'L^inains of Cliolonian Eeptiles. Here the true Turtles (Chd- 
,t,ui,](v) make their first undouVtted appearaiKHi with the 
(%lonc iilanirq)^ of tlie Eortlaiid Stone (llp])er Jurassic). 
Ill the Cnitaceous scries we have evidence of the existence 
of numerous forms of Cheloiiians, one of wliicli is here 
tie'ured. It is also in deposits of this age tliat the earliest 
inices of Clielonians that have yet been found in Xorth 
Aiuoriea occur. Some of these (e./;., Albintocluljfn) are forms 
allied to the true Turtles, while there are other genera related 
to the Kmydkht'. 

Ill the Tertiary rocks the remains of Turtles are aliundant, 
and especially so in the London Clay (I'locene). Species of 
Einyilidm have been cited IVom the Jurassic, series, some of 
wliieli appear to be free from doulit. A species of Emy^ 
oceurs ill the Wealdcn, and numerous forms of this family 
have been detected in formations of Tertiary age, especially 
in the Kocene and Mioctme. The TrionijcUhr, except for a 
femur descriljcd by Owen from tlie Lias, are not known to 
have existed prior to the commencement of the Tertiary 
period. Numerous species of Trion/fr, however, occur in the 
I'iiicene, and others have been described from the Aliocene 
:ind Pliocene. The Ted udinido' or Land-tortoises appear to 
have commenced tlieir existence in the Aliocene Tertiary. 
Eie most remarkabb^ form of this group is the huge Colos- 
-w'/c/ys Aihtfi of the l^]>per IMiocene (? Pliocene) deposits of 
tlie Siwillik Hills in India, described liy Dr Lalconer and Sir 
I’l'ohy Cautley. far exceeding any living Tortoise in its 
dimeiisioiis, this enormous animal is estimated as having had 
leiigth of about twenty feet, nuuisured from the ti}) of the 
to the extremity of the tail, and to have stood up- 
^''ards of seven feet high. All the details of its organisation, 
however, prove that it must have been “ strictly a land 
‘iJiinial, with lierliivorous habits, and probably of the most 
iiioHeiisive nature.” The accom]dished paleontologists just 
T|cted, show, further, that some of the traditions of the 
hiidoos would render it not improbable that this colossal 
'iitoise had survived into the earlier portion of the human 
I'l^iiod. The largest living Tortoises are found in the Gala- 
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pagos Islands ; but Dr Giiiitlicr Las sliowii tliat sevei;(i 
gij^antic speuies of Trs/ndo formerly inhabited the islanj. 
of ^lauritins and llodri^L,niez. 

Okdmk II. Ol'iiJDiA.- — Tile second order of Deptiles is tlim 
of the O/ikidur, comprising tlie Snakes and Serpents, iiik] dis. 
tinguislied by the following characters - 

77o; hoJf/ IS ((Iir((//s more or less rfoiojaled, eiilnid rieoj jin,] 
icorn(-Idi(‘, iiml u'Jidst possessnif/ a core ruin *■{( ^o^/'//// ,s(v7/w, ^ 
(dt/'aifs anprorided irlfh a Ikui// e.roskeleton. The durstd nf. 
tebriv ore coneure in front (proeo tuns), irith rndimenlarii ft'im,. 
verse proresses. There is nerer on if stern inn, nor peetund uni 
nor Jore-iiinhs, nor soernni, and, as a ride, there are no foun 
of hind-limhs. lUidimentary hind-limbs, liowcver, are (jcca- 
sionally present (c. //., in ri/thon. and Tortrlr), Therr nn 
(diraifs nmneroiis ribs. The tiro ha! res or rami oj the Imr,!' 
jaiv are com posed if sereral pieces, and the rami are ihiilni 
anteriorl jf by liyaments and mnse/es oidy, and not by einiiliiiji 
or suture. The lonrr jam, further, ar/ieufates mifh (lie .dul! 
by means oJ a iiuadrate bone, u'hieh is aiirays mure oe /'« 
niorable, and is in Inrii united mith the sipiamous purfini "/ 
(he temporal bone f mastoid bone 'j, lehieh Is also mora.hir, lun^ 
is not Jirmly un ited irlth the skull. The superua' inardhr en 
united with the p>ra inaxllla: by liyaments anil niitseles ede. 
and the palatine arehes are morable and armed mdh pumt^i 
reeurced teeth. Hooked eonleal teeth are alu'ays pnsnil, H 
they lere nerer lodyed rn. dlstlnet sockets or a I real I. Kuiiilii'l'' 

ally, they are capable of performing nothing nioi'c than 
merely bolding the prey fast, and the Snakes are proviilol 
with no gimuiiie masticateny aj)paratus. The h('art bis 
three cliamber.s, two aiirich'S, and a vraitricle, the latter mi' 
])erfectly diviiled into two cavities by an incomplete seittmH' 
The lungs and other ])aired organs an; mostly not bilateral^ 
symuKhiical, one of each pair being eithei' rudimciitary 
absent. 

The vertebi’al column in the Snakes is always coiaiioaol 
of very numerous vertelira-, which are divisible oidy iutc n 
caudal and precaudal series. The atlas is the only 1’^'^" 
caudal vertebra wliicli does not bear ribs ; while in 
caudal region tlie place of ribs is taken l)y elongated ti'im^' 
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verso processes. The anterior surface of the neural arches 

till! vertehrie is produced into a process, or “ zy.^os phene,” 
inicli of which fits into a corresponding cavity, or “ zygan- 
Iruia,” ill hinder surface of the neural arch of the 

vvrtol.ra just in front. _ 

Tlio three most important groups ot the existing Oiiludians 
-iro tlie Cohihrine Snakes, the Constricting ^Sllakes, and the 
A'itierine Snakes. In the first of these the uiiper jaws carry 
solid teeth, vdtli or without canaliculated fangs as \vell. In 
(ho second group are the Boas and rythoiis, distinguislied 
hy their great size, enormous inuscular iiov'er, and numer- 
(iiis strong recurved teetli. In tlie third grou]> are Snakes, in 
which the upper jaws carry only a pair of perlbratcd poison- 
fangs. 

hmt of tlie existing Snakes are terrestrial in their hahits, 
and arc thei'cfore not likely to he preservial in stratihed de- 
posits. Many of these, liowever, take to tlie water oceasion- 
iilly, and some hahitually freipient rivers or the sea itsell. 
All the ahove-meutioned groups ot Ophidians are represented 
ill jiast time, hut they are neither ahundant nor oi im])ort- 
aiicc as fossils. No remains of Opliidians are known to 
occur in any Faheozoic or Alesozoic deposit, ihe earliest 
known traces of any serpent arc in the Lower Kainozoic 
rocks, one of the oldest being tlie /V/eoyi/z/.s ot 

the London Clay of Sheppey. The nearly-allied Palif.opJn.'i 
(llplarits of the Koceiie beds ot Lracklesham a[)pears to 
have been a Boa-constrictor-like snake ot about twenty teet 
ill length. In the Loceiie dejiosits of North America occur 
various remains of Snakes. Some ot these seem to haNe 
lre(|uented the sea (such as Tilanoplus or Duiophis), and to 
have been large serpents allied to the ]*<d(('oph(^ ot the 
huropeau area. Others, again {Bone ns, Lininophs, Litho- 
plnn), are found in lacustrine strata, and appi'ar to have 
heeii related to the Boa-constrictors, but to have been ot 
moderate size. In some of the later Tertiary dejiosits have 
hei'ti found the poison-fangs of a venomous snake. I pon 
the whole, however, the Snakes must be looked upion as a 
ooiiiparatively modern group, and not as one ot any great 
geological antiipiity. 
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Order III. Lacertilia. — Tlio third order of heptiles is 
iliat of tlie LucrrtiJia, comprising all those ainriuds 
arts commonly known as Lizards, together with some ser- 
pentiform animals, such as the lUind-worms. Tlie Lawiillw 
are distinguished hy the following characters : — 

As a general rule, there are tiro pairs of 'irrll-iJnrlnjml 
/tmbs^ hut Ihrrc maif he onljf our jiair, or ail the limbs WiHj 
he ahsenf. A seapalar areh is always present, whnteirr Hw 
eonelifioii of the limbs may be. An e.roshieton, in the form y 
horny seales hlr those of the Snakes, is almost (tluneys prcsinf. 
The rertebra: of the dorsal reyion are prveaious or conenre in 
front, rarely anqdrmvlons or coneare at both ends. Tliero is 
a single transverse process at each sich*, and tlie heads nf 
tlie ribs are simple and undivided. Tluo'c is eillier 
sacrum, or the sacral vertehra* raridy exceed two in nuiii- 
lier. The teeth, are not lodyed in distinet soekets (some e.iiinrf 
forms const Un tin ff an emerption to this statement). Thr ryn 
are (jenerally fiirnished with movable eyelids. The heart mi- 
sists of two anr teles and a rentriele, the latter partially iliviiio^ 
by an incomplete partUon. There is a urinary bladder, mul 
the aperture ef the eloaea is transrerse. 

As a general ruh*, the animals included under this ordei' 
have four welhdevelo])ed legs (lig. 552), and would tliei'eliav 
he [iopularly calhal “ Lizards.” In some (Chiroles) there aiv 



no hind-feet; in some {Bipes) the fore-limhs are waiitiiiii; 
and otlums (Anyvis, Pstmdojms, and Ampkisbeena) are en- 
tirely destitute of liruhs, thus coming closely to resend >le 
the true Snakes or Ophidians in external appearance. These 
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s('rpoiitiform Lizards, however, can be distiiiffuisliod from the 
ti'uc Snakes, amongst otlier cliaracters, more esjjeeially l)y 
the structure of the jaws. In the Snakes, as hefon^ said, 
the two rami of the lower jaw are loosely united in front 
liy ligaments and muscles, and are attached l)ehind to a 
movable, ([uadrate bone, which is in turn connected with a 
movable s(iuaniosal, this giving an enormous width of ga])e 
to these animals. In the Lizards however, even in thos(i 
most like the Snakes, the halves of the lower jaw are firmly 
united to one another in front, and though tlie ([uadrate 
hone is usually more or less movable, the jaws cmi in no 
case be separated to aiiytliing like the extent that eharac- 
lerises the Ophidia. 

The Lizards are distinguished from the, Crocodih^s, amongst 
other characters, by the fact that the integunumtary covering 
is ill the form of horny scales, very randy accompanied l»y 
l)ony “siaites,” whilst the teeth are rarely sunk into distinct 
sockets. All the living Lacertiliaiis and almost all the ex- 
tinct forms possess teeth, wliicli may lie conlined to the jaws 
proper, or may lie also develoiied on the ]»alatine and jdery- 
gokl bones. The teeth are always sim])le, sometimes sharp 
iind conical {Monitor), sometimes blade-like, with serrated 
edges {JfjHana), sometimes witli broad crushing crowns 
{C/ldodirs). Usually the teeth become anchylosed with the* 
jaw, tu'coming either attached l)y their sidi's to the parapet 
of the jaw (“ pleurodont " dentition), or fixed by their bases 
to the top of tlie parapet (“ acrodont ” dentition). In the 
extinct Froioromnrus the teeth are sunk in vlistinct sockets 
C‘ thecodont ” dentition). 

Lhe whole order of the Lacrrtilia is often united with the 
next group of the Orocod it la, wmlox the name of Sanria. The 
term “ Saurian,” however, is an exceedingly convenient oiu' 
to designate all the reptiles which approach the typical 
hazards in external conliguration, whatever their exact na- 
tnre may be ; and from this point of view it is often very 
nsclnl as applied to many fossil forms, the structure of 
^'diich is only imperfectly known. It is tlu*refore ]K'rha])S 
^'cst to employ this term merely in a loose general sense. 

it is hardly' possible, with our present knowledge, to sjteak 
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very positively as to the exact range of tlie Ltcrrlilia in tii^, 
'iliis iiiicertninty arises from two causes - lirstly, that tlii'ic 
is some d()iil)t as to the exact age of some deposits whidi 
have yieldeil Laeeililian remains ; and secondly, tliat tlio 
atlinities of some extinct l!e|»tiles are a mattm- of eoiisidci- 
nhle (piestion. 1/pon the wliole, the oldest known laicL-i- 
tilian would ap]»ear to he the rrutorvsaarns (fig. nod) of llic 






Mi<ldle rermian rocks, s])eeies of wliicli at- 
tain a length ot lour teet or inoiaa and liava 
hcen lound ;it the same geological huii/oii in 
both hiij'ope and Ih-itain. Proforostdinis difli r^ 
li(»m all existing Lizards in having its teitli 
imjilanted in distinct sockets — this beiUn 
Crocodilian character. In other lespects, tla' 
I'orniian reptile a])pro\imates closely to tlm 
li\ ing Monitors { Idr/yu/ciV/rr), and its sligliti}' 
cupped vcrtidira; would lead to the helief tlial 
it was a(piatic in its habits. 

In rocks known, or su])pos(Hl, to be el 
Triassic age, numerous laicertilian nptik's 
have heeii discovenal, of which the must ine 
Itortaiit are TrJrqtdon,, Jfi/pmnlajx’tlon, 

Trinjh’km occurs in strata neai’ Klght 


Scotland, wdiich have hcen variously referred to the 
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T)l‘^■ollian and to tlic; Trias, but which almost certainly belong 
to the latter. Trofessor Huxley (a)iicludes that Tdcrjjdon “ jn e- 
soiits not a single clifiracter ajoproxi mating it towards the 
tvpe of tlie rcrmiaii rruloromarui^ nor to the Triassic Jllryn- 
and other (probably Triassic) African and Asiatic 
allies of that ganius, nor to the Mesozoic Diiumurhi ; still 
less can it be considered a ‘ generalised ’ form, or as, in any 
sense, a less perfectly organised creature than the (lecko, 
whose swift and noiseless run over walls and ceilings sur- 
])iises the traveller in warmer climates than our own.” In 
its dentition, Tdrrpdun seems to have been “ acrodont,” and 
it differs from most existing Lizards merely in having am- 
]iliic( clous, and not proc(.elous, vertebra*. 

lIjlp('i'od(ipi(hm was originally diseovered in the “ Elgin 
Sandstones” along with Tdi’rpdini, and it has since l)een 
I'ljiind in strata of Triassic age in India. Tt was described 
hv Professor Huxley as “ a Saurian reptile al)out six I'eet 
long, riniiarkabh; for the tlattene.d or slightly conca-ve artic- 
ular surfact!S of tla; centra of its vertelnae, and lor its well- 
(levelo])ed costid system and fore and hind limbs ; but more 
I'lirtienlarly cliaracttirised by its numerous series ot sub- 
uylindrieal palatal teeth.” Upon the whole, Huxh'y coii- 
ihides that lljipcroihipalon is most nearly allied to the living 
dpliciwdoii {/[(tllcrift) of New Zealand (lig. oo4), u])on the 



iWl. — iSiilc view <>r till! t-kiill nf SfihciUMlon {Uoih rht) iiiuntntii, tliv- liuvvr jaw lnUii.i: 
reiiiuvca. (.MU-rGUnthor.) 

hi'uunds that both “ have am])hic(elous vm’telu’a* (those itl tlie 
'Oicieni re])tile being far less tish-like than those, ot the 
^‘aidern one, be it noted); both have beak-like ])ra‘niaxi]he, 
^^ot aiichylosed together ; both have the inlerior zygoma 
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coiii[)lete ; hotli liavo similarly-formed lower jaws ; in 
a single row of teeth in tlui maiidihle bites between two 
r(.)ws of teeth lixed to a plate, which is formed by a iinioii of 
the maxilla with the ])alatiiie hone — a structure wliieli is 
quite anomalous amongst Laccuiilians ; and finally, in both^ 
tliese teeth wear down to tlie bone of the jaw by masticatoiy 
attrition.” 

From its relations with the Triassic Ili/prrodapedon, as well 
as on ac'count of its own peculiarities, the living ^pliDWihm 
possesses a spiaabd interest for the pakeontologist. In this 
extraordinary form — the sole remaining re])rc;sentative of the 
Lacertilian family of the Jihifnchoapludia — the verti'biie are 
ani])liic(elous, and some of the rilis bear “ uncinate proc(;s,ses ” 
similar to tliose of Jhixls. The (piadrate bone is not mov- 
able, and is united by suture with the skull. The teeth are 
completely amalgamated by anchylosis with the jaws, and 
are develojied in tln^ mandible, praunaxilhe, and in a longi- 
tudinal sei'ies upon the palatine bones. The pra'inaxillaiy 
teetli are two in number, and are of large size and .scal])ri- 
form in shajie (iig. 554). The serrated edge of the mandible 
is recidved in the groove lietween the ])fdatine teeth anil the 
cutting edges of the maxilhe, the alveolar borders of wliieli 
arc hard and as highly poli.shed as the teeth themselves, tlie 
function of which they di.scharge wlnai the latter are gTound 
down in advanced age. 

The genus lihi/ncliosrtvrus is in a doubtful jxisitioii, but 
may also conveniently be considered here, lly Huxley ifs 
alfinities are regarded as Ix-iiiy 



Lacertilian, but by Owen it 
looked upon as belonging to tin; 
Amymodontm, and as being most 
nearly alliial to (hidmodoii. hi 
many points -d'' 

proaches the existing 
but its vertelu’a! are ani])luce'' 


lous, and the structure of the mouth is quite unlike that of 
any living Lacertilian. The skull (tig. 555) is pyramidal, 
and the jaws do not exhibit any traces of teeth. H 
mouth be Kxally edentiilous, then lihijnclmaurm should ]a’ob' 
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,xl)ly be removed from the Laccrtilia; but tliis point cannot 
in the meanwhile he definitely decided in the amnnative. 

Amongst other Triassic, or supposed Triassic, imeertilians, 
may he mentiomid .^aurosternmi and rrislcrodon, from strata 
luheved to be of Triassic age in Africa, and Cenkmoihn from 
(lopusits of the same age in North Amcri(;a. 

In the Jurassic ])eriod the nmiains of J.acertilians are not 
vory uncommon, but call lor little special notice, bcveial 
furins of little importance have been described from the 
Middle Oolites. In the fresh-water strata of the rurl)eck 
seri(!S (lll)per Oolites), occur the remains which have been 
referred to the genera jXnfhrks, Miicdlodon, and 

Eddmlou: Tlu'se are, perhaps, the iirst traces in the strati- 
fied seri(',s of renmins, the {illiiiities of which to the typical 
lucniido' cannot l)e disputed. 

In the Crcitaceous series occair the small Lizards which 
constitute the genera Jliiphiomurva, (JonuMcurtis, and iJoIi- 
dmaxra^. H(U-e also, and almost exclusively confined to 
strata of this age, occur the singular Lacertilians wliich form 
the grou]) of tlu; “Mosasanroids ” {.Uosasiuinda'). These re- 
markable lleptiles were of gigantic size, Mo.^asaurns prlnrqi^ 



lacing believed to have attained the enormous huigth of not 
less than seventy-five feet. Originally referred to the ( da 
(Camper), and subsequently regarded as Crocodilian, t a 
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Mosasaiiroids were first placed among the Laeertili;iiis l,v 
Professor Owen, and the view entertained by this (list in. 
gnislied comparative anatomist of tlieir real affinities is miw 
generally accepted, rrofessor Cope, liowever, considers lluisi- 
lleptiles to form — under the name of J^/ihonomorpluf—^ 
group allied to the Ophidia. 

The body in the Alosasanroids is greatly (dongated, tlm 
vertehiTC being preacodous, and sometimes provided with n 
zygusplume and zygantrnm. The teeth (fig. hoG) aiv Ihhl;, 
jiyramidal, and slightly curved; but they are anchylosid tn 
the j.'iw, and are not sunk into distinct sockets, ns in tlic 
living Ciwodiles. The condition of the integument is un- 
known in many forms ; but Marsh has reci.'ntly shown that 
osseous dermal scut(‘s are lu’csmit 
in some tbrms (c. g., Ifo/codiis, 
don, and Kdrxiofiinirnd), and we may 
r(‘asona,hly inler the j)resenee of a 
similar arrmiture in other meniliii's 
of the group, Tt is not known, 
however, how much of tin; siirfinr 
was thus protected, though it wmilil 
a.j)pear that th(‘ head was c(M'tniiily 
not defeiidml liy scutes. Troni tlii‘ 
8hortn(.(ss of the humerus, and llii‘ 
indications that the vcn'tehiml cohniin 
was unusually Ilexihle, and that tin' 
tail was laterally com])ressed, it 
early conjectunul that tlui Mosa- 
sauroids were mai-ine and acpialiV 
in their Indnts. This conjectiu'O 
has been raised to the ra,jd\ of a 
certainty by the discovery that the 
fore and hind limbs of the 
sauroids were in the form of lin-lii^'' 
paddles (fig. 557), like those of the 
Ichthyosaur and Plesiosaur, but having th(‘ digits distim't. 
There can therefore be no doubt that Momsavru^i — likc^ the 
living ArnhhffhymdmH — was acpiatic in its lialnTs, and In'- 
quented the sea-shore, coming, in fact, only occasionally to the 



(he ii.’ilnnl siz<-, (After Mnrsl. ) 
n, Sf;i|iiil;i ; (», C<ir.'i< ()i<l ; c, Uii- 
itji-nis ; '/, Kailius ; r, Ulna. 
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land best-known genus is M(wmnir}i^, of wliicli tlie most 
ci'lelirated species is the M, Campcri (fig. r>5<‘)) of tlie ^Mnes- 
fiicht Chalk. Other genera belonging to tliis grou]) are 
[/i.Dilon., Tjfhf'^auTHs, Lc^fomurus, C/i(fa<<frx^ I'tc. The entire* 
■qouj), SO far as at ])resent known, is conlined to the Cretn- 
ciioiis rocl^s, and thongli r(*])resent(*al in Europe*, it seems to 
have; had its maximnm develojenient in the Xentb American 
are^a. 

[]i the Tertiary rocks tlie remains of Lae;ertilians are not. 
hy any means nnkneewn, but none of the; forms of this ])oriod 
are; snlficiently important to elemand especial attention. Most 
of tlie Tei’tiary Lacertilians, liowever, ai'e of small size, ami 
appe-ar to have be*en terrestrial in tlie*ir habits, thus approxi- 
mating to tlie typi(.*al eixisting Lizards, The nmst remark- 
alile group of the Teertiary Lizards, however, is that of the 
(lJ)lptj).'S(iuri(l(c and Oramarriis), emmja'ising 

foniis whiedi are found in the Eocene Tertiary of North 
Aiiii'ilem, anel have the anomalenis character that the skin 
vas furnished with orna,mente.;el osseous scutes. It is also 
worthy of notice tliat while the Ti'rtiary Lizards are refer- 
iiHc for the most part to actually existing groups, the ri'ci'Ut 
yciins Clutnudco seems to have been in existence as early as 
the Kocene. 

OuDKii IV. ('u()COi)iLiA.--The last and highest order of 
tho living Jupfilta is that of the Ct'onxHIio, imdudiug the 
living Crocodiles, Alligators, and (lavials, and characterisi'd 
hy the following jieculiarities : - 

The hod If is covered udUi an older epiderone eerosl-ihfioi com- 
posed of /lornif mden^aiid an inner dermal eo'osieleton eonrisfiioi 
f fretiisverse rows of squared honij plafes or seides, wh leh inoij he 
^'oiijined to the. dorsal snrfaee alone, or niaif ewisf on the reidnd 
^I'rjnee as welf and irJiieh are dlsqiosed on the hark of the nee}, 
Olio (jronps of dijjemd form and nnmher in certain sfxries. The 
imes of the skull and fear arefirmlif wnited toijetlier, and the tint 
ludres or rami of thr lower jaw are united in front hif a suture, 
llicre is a, sinejle row of teeth, irhieh are implanted in dtstmet 
soiiets, and are hollowed at the base for the germs of the 
teeth, by which they are successively pushed out and rc- 
I'laced during the life of the animal. The centra of the dorsal 
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vcrtdyra: in all living/ Crocodilia are proca?lov.^, or concave iii 
front, but in tlie extinct forms they may be either ampliicie]. 
ous (concave at both ends) or opisthocc clous (concave beliiiulj 
The vertebral ends of tlie anterior trunk-i'il)S are bifurcate 
There are two sacral vertebrae The cervical vertebric have 
small ribs ; and there are generally false abdominal ribs juo- 
(luced by the ossihcsition of the tendinous intersections uf Hie 
redi muscles. There are no clavicles. The Itmri ronsUts oj 
four com pi (id n didinci and separate cavities. All the Jour 
lindis are present, the anterior ones heitaj pentadaet/jkms, [jo: 
posterior tetradaeti/kafs. All are oviparous. 

Tlie chief points by which the Crocodiles are distingnislied 
from their near allies the Lucertiliiins, are the ])Ossessi())i of a 
]iartial bony dermal exoskeleton in addition to the ordiiiarv 
epidermic covering of scales, the lodgment of the teetli in 
distinct sockets, and the fact that the mixture of venous and 



Fi^;. aas, — A, iiinl aiifcrlnr jiortion of tluOtody of ; 

II, lliiiii rout of the siiiiie. (.\ftcr Giintlii'f.) 


arterial blood, which is so characteristic of Iteptiles, takos 
place, not in the Inuirt itself, but in its immediate neigbboui- 
liood, by a communication between the pulmonary artery fiiul 
aorta directly after their origin. 
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Wlien tlie exoskeletoii is complete (as in Tdeosaurufi and 
ill Ciiiuian), it consists of transverse rows of (juadrate hony 
jiliitos dis])os(!d so as to form a distinct dorsal and ventral 
.shield, wliicli are se])arated by soft skin in the region of tlie 
trunk, but become confluent in the tail. All tlie scutes ot 
Olio row are united by suture, and successive rows usually 
iiiovably overla]) one anotluir. 

I’lie, order Crocodilia is divided by Owen into three sul)- 
orders, termed lhm(:dw,Ami)limdui, and Oindhondia, accord- 
ing' as tlie dorsal vertebrm are concave in front, concave at 
both cuds, or concave behind.^ Tlie sub-order Proadia com- 
pi'ises all the living forms — namely, tlie Crocodiles proper, 
the Alligators, and the Oavials. 'fhe lirst of these have the 
I'ourtli tooth ill the lower jaw (fig. or) 9) larger than the 
others, forming a canine tooth, which is received into a notch 
excavat(Ml in the alveolar border of the u])])er jaw, so that 
it is visible extm'nally wium the mouth is closed. In the 
Alligators (lig. 500), the fourth tooth in the lower jaw forms 
a eauiiie which is received into a ])it in the palatal surface of 
th(i u))] )('.!• j'aw, wlim-e it is completely concealed when the 
iiioutli is sliut. In the (hivials the snout is greatly ])rolonged, 


' Tlu' following more (“lalwiitf classilifatioii of tin* reooiit and extinct Croco- 


has liei 


n ]iro|)ose(l by I’rofessoi* Huxley; — 


1. rAiiAsi'cii I A, with no bony plate.s of the j)terygoi(l or palatine hones to 
I'i'oloiig the nasal passages; the Eustachian ]tassages enclosed by hone; the 
t'l'iitra of the Vertebra; aniphicaelian ; the coracoid short and rounded; the ala 
f'f the ilium higli, and its aeetalmlar margin entire; and the isehiuni short 
•loiso-ventrally and idongated longitudinally, with its uoetahular jaution re- 
i'^-'iiililiug that of a bizard. (leiiera : Stoffonoh'pis, 
n. 1\1 k,sosi'chia, with bony jdat(;s of the palatine hones jnolonging the 
'lasul passage.s, mid giving rise to secondary posterior nares ; a middle Kus- 
hK'iiiiin eainil included between the basioeeipital and hasisphenoid, and the 
Literal canals repre.sented only by grooves ; vertebral centra :un]dneudian ; 
('lungated ; ala of the ilium lower than in the preceding, higln r tluin 
the next suh-order, its aeetahular margin nearly straight ; isehiuni more 
■Liiigiited dorso - ventrally than in the. preceding group, with its acetabular 
deeply iiotclied. Genera: Sh urosaurus, Bilagosavnts, TtlrosiXKrvs, 
Ahtriorln/nrhiis {(roniop/iolis ? Pholidosaiirvs f). 

III. Eusucjii/^^ with both pterygoid and palatini’ hones giving otf plati’s 
‘U'h prolong the nasal passages ; vertebral centra mostly proeielous ; coracoid 
‘'“pitod ; ala of the ilium vi’iy low in front, its acetabular margin deeply 
'*'’h'h(d ; iscliinm elongated dor.so-ventrally, with its articular margin deeply 
* ^^^V‘dod. . Thonic.omuruSy llolops, and the recent forms. 

VOL. ir. 0 



r joV. — Skull (»( llu* ('r 


I ho first ii]t|)oar:mc(! of ProcollKti Crocodih^s, so lii)' 
known, is in the upper |>ortion of tlio Crotacooiis scries 
North America, wlieri* tlu^y are represented by tlu; gene 
IwUosaunfs, 7/e/en,s, and T/i(jr«r(>S(nfrtis, all of whieli are ]i 
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rig. t|ijKT,]fi\v i)t Alligatur. Immm'ih- Ii-rliaiy, Isle (if Wig 


culiar to this formation. In Europig however, lliti earlie> 
remains of Procodian Crocodiles are from the Lower Torliar; 
rocks (Eoccnui). It is a curious fact that in the Koceiic ri'ck 
of the south-west of England, there occur fossil reuiaiu.s e 
all the three living types of the CrovodUia — nanudy, f'' 
Gavials, true Crocodiles, and Alligators; though at the pW'^ 
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,,it (liiy tlu'se forms are all geographically restricted in their 
Piiioe, and are never all associated together. It is also a 
Jiii.ailar fact that the genns (kivinlU, now entirely Asiatic in 
its distribution, should occur in the Xorth American area in 
deposits as old as the Eocene Tertiary. 

Tlie Anrpliiadiaii (Tocodiles are characterised by their 
picoucave vertebne, and are entirely extinct, being confined 
;ili(.nctlier to tlie Mesozoic period. The biconcave vertebra^ 
show a decided approach to the structure of tlie backbone 
in tishes; and as the rocks in which they occur are mostly 
iiiariuo, there can ))e little doul)t but tliat these Crocodiles 
were, in the majority ol‘ cases at any rate, inhabitants of tin? 
soa. Others, liowever, wliicli are found in iresb-water de- 
]iosils or estuarine accuimdations, probably rc'Sembled tlie 
existing Crocodiles in principally freipienting rivers. Irom 
a pahcoutologiiail ])oint of view the Am[)hic(elian Crocodiles 
. aie iiiucli the most important group of the order CroaxUllx, 
as they are, also, its most ancient represmitatives. 

The earliest tyjies of the tea h<f, and therefore of the 
Older (JiVivdilui, are the AtatjonoUinx and JJrlodon of the 
Trias. The alfmities of the fornu*r genus 
liiivo heen worked out by ITof Huxley, who 
lias shown that Afa(fonoh'pis resmnbled the 
existing Caimans in general form, luit that it 
]K)ssessed the elongated skull of the (la, vials. 

The liody was protected by a ventiul and dor- 
sal series of bony,])ittcd scutes, but there were, 
only two rows of the latter; and the teeth 
liitve obtusely -iiointed crowns, which some- 
diiies show signs of having been subjected 
to attrition. In JklodoUy on the other hand, 
die teeth (tig. Sbl) are long, j'ointed, ami 
'■oiiical, slightly curved, and longitudinally 
driated. The jaws were greatly elongated, as in the exist- 
ing Cavials. 

In the Jurassic series the remains of Amphicolian ( roc- 
"diles are abundant, and belong to such genera as Afciirosanrus, 
'J'dmaiiras, Makrospondylm, J^kupmurux, Mdriorhynch its, iVc. 
Jlie first two of the forms mentioned above are the most 
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inil)ortaiit and tlie most widely distributed. Of tliese, Trhv- 
simnfs is a well-known IMesozoic type, rej)resented by mam- 
durassie speeies, and laiving the jaws gi’eatly elongated, ainl 
carrying numerous conical teeth, as in tlie living (k'lvials 
The dermal scutes are large and exce])tionally strong anil 
s(did. Tlie finrassic gi'iius ^fcmumtunia (lig. 0(12) also com- 



prises Jurassic Orocodiliaiis, wliiili. 
e\'C(*pt for tlieir amjihicodous var- 
tebi’ag have many ])oints of iv- 
semlilaiice to the existing (bivials 

In the Cretaceous rocks, lastlv, 
and especially in the estuarine da- 
])0sits of the Weahhui, wo liava 
various types of /\m})hic(elian (.'vn- 
codiles, such as (ri))ii()j)Jiolis, Plmli- 
(li)stnrrifs, and Tlit‘ 

g(‘uus rii^t is found in llir 

Cretaceous of North Amoricii, 
its speci(‘S rescmlJe in form tlii' 
modc'rn Cavials. 

We may brii^tly consider lieiv a 
group of Reptih's which have hecii 
rcgai‘d(*d as ( 'rocodilian, bnl wliial 
ar(‘, placed liy Owen in a, se])ar:il>' 
(U'lh'r uinler tin; nanie of 77/""' 
and whieli ai'i' looked ii)Min 
b\' Jliixhiy as lieing Jh inosaiii'Kin- 
d'he “ Thecodont ” Ih'ptilcs are dc- 
fined as follows : “ Vio'Udn'al liodiis 
biconcave; ribs of the trunk ki''-; 
and bent, tlni anti'.rioi' ones widi 
Idfurc.ate head ; sacrum of tln'ee 


vertebi’a* ; limbs ambulatory, leiina 
with a thii’d trochanter. TeeJh with the ci’own more or 


compressed, jioinUnl, with trenchant and finely serrate iniC- 
gins, imphinted in distinct sockets.”- (Owmi.) 

Omitting Jiilodon, now geuei'ally regai’ded as Crocodihu'i. 
the ihecodont Rejitile.s are the TIimHloiUosa u and yb/c"' 


saurm (fig. 5(13) of the Tria.s. These were orginally 1*:''^'^'' 



n]ion (Ictaclied teeth found in a dolomitic con^lomevate near 
jlristol, wliieli lias sonuitiines beiai supposed to be of rerinian 
.,ut> liut wbicli appears to be undoubtedly referalile to the 
liias. Teeth having the. same generic char; 
acit-rs have also been brought to light in the 
Triassio deposits of North America. In some 
lespL'cts the Thecodont Reptiles make an ap- 
to till! Laeertilians, while in others 
ilicv ;i])]iroximate to the Dnnosaiirut. t’pon 
ihc whole, liowoNer, they would seem to l>e 
last lee'ai'deil as an ancient group of Amplii- 
(uliaii Crocodiles, distinguished by their com- 
]nvssi'(.l, timieliant, and serrated teeth. 

Laslly, tlu; sub-order of the Ojil-'illtoni Juni tT’ocoeliles, in- 
iliiiliiig those forms in whicli the anterior trunk vertebra* 
are concave behind, is one which ('an be only provisionally 
' nlaincd. lhatfessor Owen includes in lliis section the two 
-I'licra npiospond jfl and Cd toxiu' n(x ; but the latter is 

I'clcrahle to the Ikino.'onirut, and will be treated of when 
iliat oj'der is eonsideivd. The genus Slirp/dsfionJ/fhis has 
iH'cii founded on vertebra* (ditained from the (politic and 
WVidden formations; iuit there an* doubts as to the tnu* 
C'siliuii (jf till* Re]>tile to which these belongyd. 




( HAPTEH XXXV. 


KXTixcT ordkhs of hfftilfs. 


I t roniain.s now to considor lll■i('lly tlu^ londing characteis ni 
.six wholly oxtinet ordor.s of ilie ])e(:uliaiiti('> (jt 

wliieli are very oxtraordiiiary, and an* such as aiv. cxliiliitci 
hy no liviicj; 1‘onns. 

OlMil-K V. I('HTlIVni*T!:i;V(:i,\, < )wcn ( — /r///‘////o,w a /a'c, Hux- 
ley).— The gi_L,fantic Saurians ronniny this oixhu' xxaa'c disliii- 
ynished hy the idllowiiii^' characteixs : — 

Tin hnilif v/v/.s' Jisli-f iJ,(\ ni)i/ thsfnit'f niiil /'/'"/<- 

I'hJji fori'nd iri/Ji d stiiDiif/i nr irrijti'/rtl d iii, im horn if or hniiii 
r.i iisl rlrfmi In/ run/ hrni cct r d isrnrcrid . Tlir rn'ti ln’O n't rr lO'- 
nit rons, ilri'jihf Inronntrr nr n m fih irn /tots, nm! hii.rliof fhr ar/C'd 
fi/'rhi’s nnitnl fo (hr rnifm In/ n ilislnit'l snfn/’r. Tin' (inlirrn 
( /’!' nl'-rihs /inssrss In f n rrtifr Innds. 'I'ln rr Is no snrrnni , n inl n" 
shnnfl rihs or slrnmin, hut rlnrirlrs n't rr /insrv-l ns n'l/l ns m 
inftrflnrh'lr {rplsfrrnnin); nml fnisr rlhs tnrr i/rrilojiril mil" 
n'n/ls oj Hn nixhnin n. The si, nil InnI rnorinons orlnfs si'jinrntol 
lof a srjifnin, nml nn rlom/nlrd simnl. Thr n/rhidl V'lis pm- 
f fell'd hj/ n riin/ of honj/ jiinfrs in flir self rot ic. Thr frrf/i i'‘i n 
not lodiffd in dlslhirt, sorlets, hni in n roninnol nlrrolnr ;/mi>o 
Thr forr nnd hind limbs nrrr ronrrrfrd into sn'inrin ln;/-]>niiill'"'' 
the ordimrri/ nnmhiT of dii/its { fire) 'mnninimj riroi/nisnblo l'>'l 
thr /}hnln n;/rs Itn nt/ (li'rnthi inrrrnsrd in. 'iinntbrr, nnd ■nnirijtin'l 
o.ssirlrs brnnj inlded ns irrll. A rrrlind rnndnJ Jin 'ims m 
p roh(drdity prrsrnt. 

The oialer Jrhth i/optrrj/i/ii( iiKdudes oidy the oiyauitic 
lish-like JrJdhyosnnri (IIm'. 5(14), all exclusively Mesozoi'' 
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ind in Lias, Oolites, and Clialk, Imt especially 

(•liiirac.terisiic of the Idias. As itself forming tlie. order, the 
(.^scTitial charactea-s of IvJilliyimturns are those al)ove given. 
Ill all the species of the genus, the head is of jtroporlioii- 



aK'lv gigautic size, not sejiarated from the trunk hy a dis- 
liiicl lu'ck, and prolonged anteriorly into a huge snout, tlu' 
jinvs carrying a formidahle array of conical teetli. 5 la* 
aihits are of immense size, and the small apertures of the 
imsti’ils are situated close beside them. Tlie vertebral 
:d!inim is long, and then* is a long s(>ries of ribs, extending 
Irniii the neck to the tail, but none of them united in front 
witli a sternum. Lla' absence of a breast-bone, howe^■er, is 
niiiipensated for by the d(‘Velo|iment of a number of trans- 
vi'i'si* curved bones, which stri'ngtlu'U the abdominal walls, 
mill each of which consists of a nuMlian section and of three or 
limn* ov(‘vlap])ing jiieces on each side. 'Fhe veiieln-al centra 
nrc (lee])lv arn])hico‘lous, the, transverse and articular })ro- 
o’sscs hi'ing rudinientarv, while the lumral arches liave tor 
dll' most ])art onlv a cartilaginous connection witli the bodies 
111 their ivspective verti'bra* ; so that tin* latter are commonly 
hamd in a fossil condition in a pm-fectly detached state, 
beneath the caudal vertebra* are placed V-sha]>ed “ che\ roii- 
hdlies.” 

The ])ectoral arch (tig. -hbo, .\) consists ol a T-sha])ed 
iiiterclavicle, with a clavicle, coracoid, and scajmhi on 
*-'icli side, the coracoids being of large size, 'bhe ]ielvic 
<Tch (tig. ii) — tliere being no sacrum — is not directly 
‘■''iHiected with tlu*. spine ; but the ]ml)ic. and ischial bones 
^niite by symjihysis. Loth the. pectoral and })elvic linihs 
•'IT in the form of paddh's, the former being jdaced just 
behind the head, and being generally much larger than the 
hitter. Kach ])addle (lig. 5 (>5, a) is composed of numerous 
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sliort }K;)ly<i:oiial l)ones, arraiij^eJ in genorally [iva lo]initu(lim,| 
and closoly-approxiniatcd rows, tlie apparent number of Ui,. 
digits being increased by the developitient of su])eriininoi;,|.y 
rows of " marginal ” ossicles on both sides of the pad(ll(‘. 



Vi;,'. — \, rci-tiir,il an'li aiul furr -liinlw of : n, 1iiIi'i<1m\ ii-li : 

('la\ir|is; <■, Scaimla’ ; <1, </, ( '..lardids ; «, lltiiiH'i iis : /, Hailius; riiia. (Sunn a iii: 
alOrcd lumi Huxley.) r., I Vh is (d' ; j>, I’lihis; //, Ilium; e-, Isrliiiim. 

As regards tbeir distribution in lime, the lelitliyesiuiis, as 
l)elbre said, are not known with c(‘rta.inty to have (‘xisled in 
rocks earlier tlian the Lias or iatiu- tlian tlie ('balk; iiml 
tbougb abundant in tlie Kuro])ean area, no une(Hiivoc;il ic- 
niains of tin; gmius have yet been ddeetiMl in (lie cKiir- 
sponding formations in Nortli America.^ In tin' year ISbl, 
liowevei', I’l-olessor IMarsb discovere(l in the ( 'oal-nK'asmvs d 
Xova Scotia two large; ainjdiicu-lous vcrtobiio, wbicb lie di- 
scribed under the name of Eo>i<nirii^ These ver- 

tedine (tig. dbOj are of V(;ry large, size (about two and a Imll 
inebes in diameter), and they an; (bs'ply c.xcavated at holli 
ends. Tliey are r(;garded by I’rofessor iMarsb as indicutinn 

* Sinoe these .sheets hiive he.cn in tlie hiiinls of the [niiiter, Prole. s.sor .M^n.d 
liiis ileseiilied the reimiins of a large .Saiiri.in fioiii tlie .Inni.ssie rocts el id' 
Kooky Mountain.s, vvhir'h agrees with Jrh/liifosniiriis m the geiieiul .sliuctnn' nl 
the skeleton, Imt in whieh fJi/rr. arr. nn tedh. The length of tliis ,dii);utn 
Pejitile i.s ahont eight or nine feet, the vertebra' are deejily bieoiioive, tlio' 
are eight .scleroti*; jd.ite.s, and the orbits aie very kirge. It lios been lo’"" 
Sauranodo)) nafnm, and Profes.sor Mar.sh rcgjird.s it as the type of a. new o'd i 
of Keptile.s {Sauranodo n! a). 
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ilic existence in tlic later CarlKmiferous period of a gigantic 
lejttile allied to Ichthyomuniii. If this view were continued, 
it would carry hack the range of tlie Ichthyosaurs to the 
(’aihoiiireroiis ; hut it is helieved hy Huxley that these re- 
iiiaiiis may truly helong to some large Lahyriiithodont. 



I'V. T\\(| wvtcl.nr (.1 .Os (Maisli). ( 'ual-iiu'.isiiivs No\a S.-Wia. 

{Allfl Dawsiill.) 

As regards tludr hahits, there is no douht whatever luit 
tliiit the Irlilliifosdiiri Wen; ess(Mitially marine animals, and 
dicv have he(‘ii often included with the next order {Sfinrn- 
I'fn'ii/jid'j ill a common grouj), under the name ol Eiudumnina 

Sea-lizards. 

In the hiconcave vertehra* and |)rohahle ]U’esence of a ver- 
tical tail-liii, the Ichth yosti n rtm ajiproaches tlu'. triu‘ Hshi's. 
llicre is, however, no doidat as to the tact that the animal 
tvas strictly an air-hnaither, and its ri'ptiliaii characters can- 
not he (|uestloned, at the same time that the conlormation ot 
tile liiid)s is (h'cidedly Cetacean in many respects. ^Iiich 
lias heen gathered fiami various sources as to the hahits ol the 
^dlJniosinirus, and its history is one of great interest, kroni 
^lai researches of liuckland, (Vanyheare, and Owen, the hd- 
lowiiig facts ap[)ear to he ]tretty well estahlished : That the 
Ehihyosauri kept chielly to open waters may Ik* inli'rn'd 
their strong and well -developed swiniming-a])i>aratiis. 
Unit they occasionally had recourse to tlie shore, and crawled 
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ii])On tlie beach, may be safely coiicludetl from (lie jn'csrinv 
of a, strong ami well-developed bony arcli, sii])])ortiiig llu* [or,.- 
limbs, and closely resembling in striicliire ibe scapidai' iiiv], 
of the OrnithorJnjnclim or Duck-mole of Australia. Thai tlu v 
lived in stormy seas, or were in the bahit of diving to roii- 
siderabh'. depths, is shown liy the ])resence of a ring of l.imv 
])]ates in the sclerotic, protecting the eye from injury or [ins- 
sure. That they possessed extraordinary jiowers oi visimi, 
especially in the dusk, is certain from the size of the ])ii|(il. 
and from the enormous width of the orbits. That they ’weiv 
carnivorous and ])redatory in the higlu'st degret' is sliown tv 
the wide mouth, the long jaws, and the numerous, ]'oweiiiil, 
and pointed teeth. This is jiroved, also, by aii examiiialiini 
of their petrified dropjiings, wliich are known to geologists as 
“ coprolites,” and which contain nunu'roiis fragmcmts oi llir 
scales and liones of the Ganoid fishes which inhahiiial the 
same seas. 

OiiDKii VI. SAUitoiTEKVorA, Owen (— P/fsIosfturiu, llii.x- 
loy). — This order of extinct rv'ptih's, of which the well-kimwii 
J^/rsiostinrifH may he taken as the type, is charactei'isetl ly 
the following ]»eculiarities : — 

Thr (fH Jar as is i'noian, )ras jiaJatJ, and not furnidul 

noth (nij/ Ja)rnif or ho/)// r.fos/airfo/t. Thr hodirs of (hr rnidn'r 
n’('rr rithrr flat or onl/i sla/hll // rnppnl at rarh end , and Ih' 
nr nr/d a/rhrs //'c/r a.i/rhi/los/'d ndth th/' /r/dra, and did ii»l 
rrin//i.n, disfinrt dnrin// life. The. ti'ansrrrsr p/'orrssrs of dn 
rrrfthiYO vrrr Ion//, and th/‘ anlrrior l/'vnh'-rihs had sini/>lr, n<>i 
hifn/ratr, hrads. No strrnnni or slrmal rihn a/r Inonn 
h f/rr exist r/f tail the/r. v'cre false at/doin l/xil rd>s. The noi 
flig. 507) in. most mas f/reathf elon/jated, and roin posed <;/ 
nn/nerons verlehra’. The, saern m v'as composed of tn'o rretd/f'. 
The orhits me/r of lar//e sim, and there was a. Ion// snoot, os oi 
the J/dith/j/m/uri, hut t/ure was no cirele of t>on// /dates in tto 
sid/xotw. The, limbs a/free, with, those of the dehthi/osaom oi 
Indn/j in the form 0 / 50 8), hut dijh'i' 
not pf/ssessin/j an// sup/wnumera/'// mar//lwd, osswles. The po'- 
toral a,reh consisted, of a lar/je eo/'aroid and sea/wla on. (‘od> 
side, while ehmi/des and an iiit,erid(ivi<d,e were sonieiiincs prrsrni, 
hid at other times apparently want in//. The teeth ‘Were si in jdo 
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and v'crc- insnird 'into didinrt mi'ctx, oiul not lodrird iv n 
niiiinuoi ;/roorr. 

The, most fiiinilinr and typical incnilu'r of tlic Siiirropfrrjfffw 
is the n'euus P/mofifnrrvH (lig. 507), coinprising gigantic 


Fi>.^ •*'17.- I‘!r-<in.iflir>is ,tn!irhn.{dri'<. lv.,s. 



iii;iriiu! reptiles, cliielly cIiaracteiTstic of the Lias and <)i)lites. 
Ill its general structure, tlnu'c are various jioints in which 
Iddoi^iivniH makes a near ap])roach t(t h'lifluiosav while. 
"11 the (ttlu'r Imnd, then' are eipially striking 
I'l'iiils of (lij|ercnc(‘ hetween the two gem'ra. 

Ihiis, ill both, th(' jielvic and pi'cloral liinlis 
Live tlie digits enveloped in the integunuuit, 

1111(1 the fore-arm and arm much shortened, 
these organs thus being rediieed to the 
''"iiditioii of ('llicient swimming-paddles or 
' lh))|)ers.” In lioth the skin is naku'd, 

‘"'d the smmt is jirolonged, the jaws being 
hiniished with numerous teeth. In botli 
diere is an absence of a sternum and of 
denial ribs, but the walls of the abdomen 
strengthened by supplementary ossili- 
eations, each consisting of a central and of 
iiiteral overlap])ing ])iecea. On the other 
the head in Plfsiamvinn^ is com- 
I'lii'atividy small, and the neck is (]uite dis])ro])ortionately 
^doiigated, wliile the tail is short. The orluts are not ex- 


s 


Fi-. 


1.0't foiv 
of 

II, lliiint'nis ; /*, Hadius ; 
, Laii;i. 
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(‘eptionally large, and though the nostrils ar(3 placed elos,. 
beside the orbits, as in JrJitlii/osaKrus, tlioro is no seleioii,' 
ring. The teetli are conical and pointed, with longitiidinallv 
striated crowns, but each is sunk in fin independent secle t, 
The vertebral centra are only slightly biconcave', and ili,. 
iK'utral arches are united with them by ossi'ous juiietiiin. 
The jx'clond arcli consists of a large coracoid and scapula on 
(‘ach side, but clavicles find interclavicle nniy be appaiciitlv 
wanting. Tlie paddles are ]»roportionately longer than iIun' 

Irlidii/osaifrKs^ n]u\ tliough IbrnuHl on the? saiiK* ])lan, (oiisia 
only ot the five digits, without marginal ossieh's in addilinn. 
The ]H‘lvic arch is wedl developed, and thei’e is a sacrum nl 
two V(‘rtebra_*. As regards the* h.aldls of the Ursiostdirns, |)i 
('onybeare arrives at tlie following conclusions: “ Thai it 
was arpiatic is evident from the form of its ]»addles ; tliiil ii 
was marine is .almost e([ually so from tlie remains willi wlmli 
it is universidly associated ; that it may liave oeeasiomillv 
\ isit(‘d tlna sh(»r(‘, the resemblance <d‘ its extremities to IIiom' 
of the Turtles may lead us to conjecture; its moveinciils, 
however, must have, been veiy awkward on land ; and it" 
long iK'ck must have* im))ed(‘d its ])rogr(\ss tlirongli the water, 
ju'esenting a striking contrast to the organisation which sn 
admindily fits the Ichflif/ostainfs to cut through the waws. 
As its res]»iratory oigaiis were siudi th.at it must (d' iiccc.sdlv 
have r(‘((uired to oldiiin air fre([uently, W(‘ may coiiclihle 
“that it swjuii upon or nenr the surface, iirehiug hack its loti, a 
neck like a swan, iind occasionally darting it down at the 
tish which h.apjiened to lloid. within its la'aeli. it may per- 
ha{)S have lurked in shoal wjiter .along tlui coast, conci aileil 
amongst tin; sea-weial; and raising its nostids to .a level Avilli 
the surlaci; from a considenddi; <le|)th, may have found a 
secure ivtii'at from the fissaults of ])oweii“ul enemies ; while 
the length and llexibility of its neck may have eompcn.sated 
for the want of strength in its jaws, and its iue;ipacity ha’ 
swift motion through the wab'r.” 

The gi'ologieal riinge of the Plrsiosaunis is from th(' bav 
to the Cludk inclusive,, and s])ecimens have been found iic 
dicating ;i, length of from eighteen to twenty feet. 
twenty sjiecieH of J^lr.nosaiirua have been described in all. 
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Of tlio reniainiiij4‘ o-enora of the Snnropferyr/ia, Nofliimriirns, 
<Cni}oxifuriis, rinroduH, Fistomnrtis, and Conr/iiomiirns aic Tv\- 
,„sic. In Nofhomiin(.ii (lig. 501)) the neck is long, and cum- 



l/,,, Skull of NothcsiiKni.-i ifilui'cil size. Tihs (M nscltullciilk), (]fnii;ui,\ . 

|)(tseil of at least twenty vertelira*. The dorsal vertehra* are 
],i,-oiicave, and the lindis arc converted into swiinmiiig-pad- 
dlcs. The teeth arcj nniiKn'ons and conical, ainl are implanted 
into distinct sockets. Several speci(‘s am known, all Triassic, 
mill especially characteristic of the iMuschelkalk. 
liail a large head with enormous orbits, and teeth sunk into 
distinct sockets. This genus is exclusively confined to the 
Muschelkalk. In /Vm Wes (fig. 570), the teeth am indis- 
tinct sockets, and resemble those of many tishes in being 
I’liniided and obtuse, forming 
ln'oiid crushing jdates ada)»ted 
liir the comminution of shell- 
tisli, The u])])er jaw contains 
ii donlde series of these teeth, 
mi outer or maxillary series, and 
iin intei'ual or ])alatal series ; 
i'lit the under jaw has only a 
siiglc row of teeth. 

In the Jurassic period the 
ia'iiici])al genus is ITumauruH, 

^eiiijirisiug huge reptiles, alfied to the Plisufsaiirns in their fin- 
like paddles, but having an enormous head supported upon a 
dcat neck. Tim teeth are simple and conical, and in large 
d*‘'eiinens attain a great size. ./V/rwu/z/vcs is confined to the 
^li'ldle and Upper Oolites. Other Jurassic genera of Saurop- 
are known, but they jiresent no features of special 
kaportance. In the Cretaceous period, lastly, the jn’incipal 
I'i'ii'ipean rejiresentative of this order is J^lm(mi(riis itself ; 
"’liei'eas in deposits of corresponding age in Noilb America, 
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\vc meet with types such iis Tlumt urns and the rehited neiu i;, 
Diswsaiinis (or Ehtinnomaras), and (JuiioliosaK nis. 

Order VII. Anomodontia. — The memhc'rs of tliis or,],., 
are especially elRiracterised hy flic dructurc of flic iiionth^ i}„ 
jotrs hciiKj conccrfcd info a kind of hcak, v'hirh unis ijralnihlij 
shcoflicd. in horn, and rcnctnfifcd fhc jairs of a Tnrtk. t-'oiiif- 
fillies flic nioiifli appears fo have fnrn irlujlli/ dcsfifiifc of (afli, 
Jiiif in oflirr cases flicrc iras a sitajlc pair of feefh iiiiplinifnl i„ 
flic upper ja.ic, (jrowiiaj from persisfent pidps, and assumliiij ihr 
rltararfcr of f/rcaf fnsks. The dorsal Tcrfchra’ arc hironnin, 
and fhc anferior frirnk-rihs have hifurcatc heads. The sornim 
is lari/c, composed of several rerfehra'. The animal si'cms fv 
hare been organised for ferresf rial prof/ression , fhc peefnral louJ 
pelrie arches heimj sfronp, and. fhc limbs well dereloped. 

According to Prof. Huxley, the form of the hody in llie 
Anornodonts was proliably like that of tin; Lizards; 1ml IIr' 
v(!rtehra- are of !i (,’rocodilian type, and tlioiigli tlie skull 
exliihits Lacertilian cliaracters, tlie jaws remind us more (k 
the Ch(!lonia.ns. 

I»y Ow(m tlie gonmu, Dietjnodon, (Indenodon, and Jlhifinio- 
sanriis are included in this order; but the last of tliese is 
ivgarded by Huxley as a Lacertilian. In JHeifnodon (lik. 
bVl, a), tlie anterior portions of tlu! jiiws ap])ear to have 
been altogether toothless; and they form a kind of heak, 
which was jirohahly sheathed in liorn. The lower Jaw has 
no teetli ; hut each sujierior maxilla cariLis an (mornaais 
tusk-like tooth growing from a peivsistent [uil]). These gnait 
canines jiass downwards outsidii the I'orepart of the lower 
jaw, about one-third of their length biiing concealed within 
their sockets. In minute structure they consist of simila, 
compact, non-vascular dentine, with a thin layer of enamel; 
and their ])oints are simply conical and not bevelled or chisel- 
shaped. Probably they were used solely as weapons of olleaei“ 
and defence. In ()ndenod.on, on the other hand, the mouth 
is beak-shaped (tig. 571, n), and seems to have jiossessed u" 
teeth of any kind. Dkynodon and Ondenodon arc known 
only from strata of supposed Triassic age in India and Houtli 
Africa. 

Order VI 11. Pterosaukia (Orn/Uhosawria, Seeley). — 
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iiicliides a group of extraordinary Hying ileptiles, all 
l„^.l,)ii<'iug to the Mesozoic epo(di, and exliihiting in niiiiiy 
ivspri'ls a very extraordinary combination ol‘ characters. 



I'l.:', :.vi ■ A. Skull Ilf l)ininiiili,ii tun rtiirjw, sliowiii^T tlu' innxillary tusk ; i'., Skull uf 
(hhlninkui l-Voin the Trias of South Africa. (After Owen.) 

Tilt* iiinsL familiar menil)(‘rs of tlu*. order tmi the so-called 
lT(‘ioda(*tyles,” and the following are the characters ol the 

(il'tlt'i' - 

Ah r.atd'ddon is Inotni to hftrr (\risU(L The dorsal rertdav 
jirtH'idous, and. the (inferior trirnl'-ribs are donhh -headed . 
There is a broad stern ant- trifk a median rahje or Ted, and 
'’^^ijied, sternal ribs. The jaws were (jeneralhi armed n'dh teeth, 
"lilt thesi'^ were implanted in distinct soekets. In some iorms 
dlluiniphAidiyndiiis) there apjtear to have been no teeth in the 
iiiiLerioi- portion of the jaws, and these parts seem to have 
''reii sheathed in horn, so as to constitute a kind of beak. 

the genus Pteranodon, from the Cretaceous rocks ot North 
Aiiiciica, com])rising gigantic examples of the order, the jaws 
coinpletely destitute of teeth, and appear to have been 
^‘iicased in a horny beak. 

A rhaj of bony plates oeeurs in the sclerotic coat of the eye. 
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The 2)cdoral arch consisL'i of a scnpida and distind nminyiil 
hone, a d kodalhuj vnth the steniiim a>i in ]lirds, hnl no e/arirlr.s 
ha re h itherlo been dm'overed. The fored ini h (tii;-. T) 7 2 ) eondo^i^ o/ 
a h'unierns, vlna and radius, earjms, and hand ef fonr fin(f,y^ 
of u'hivh the inner three are short and uta/nieidate, tdiihl ll 
outermost is eJaidess and is enonnouslij elomjided. Jhhiym 
this inline nset fi-lenfjthened Jiia/er, the side if the body, ami ih,' 
eonrparedivebj small hind -limb, there wu.st hare been sieppuiin] 
(HI expanded Jl yiny - membrane, or '' jiafayium T 'udtidi ih 
animal must hare been able to employ as a v'iny, mudt as Ih 
Jjots of the present day. Lastly, most of the bones iren: " pmn- 
mafie” — that is to .say, u'ere hollotr and filled u'iih air. 

Wliilo the nl)nv(‘ urc. tlu; (iliiiniftci'.s of ilio J^lrm- 

sauria, tlioro ixro various ])()ints in tlio anatoiuy of tlu'sc 



Fi.;. 'u2. — J'tiriiilnrtyliin crnssi nistria. From tlio Litlio;4ni]iliic SImIosoI’ Solrnlii'ri'ii (' it ' 
(Onlilc). ill accord.-UK'o witli Mu- virw oiiKiliiilly »'iitiTl;iiii('(l, tlm di^^its ol' tlic liiiinl an' 1^''' 

( riiiiR-oiiily icjiiTscnlf'l ;is tivi; iiiHtratl ol' I'oiir in nmiilM i. 

siiij^'ular ri(!])tiki.s wliiitli may ho iiion*, closoly coiisidi'iv^l 
Tlio li(;ail in all the I’torosaurs is eloiiL^atod and hiid-lik'' 
tho. cranial hoiais hecoming early aneJiylose.d, tlio gL'iu'i’i'l 
tal)ric of the skull l)oin<^ unusually li^dit, and the orliits l"‘>’l- 
oxco}itionally larj^ai. The occipital condyle is planed oii tl"' 
inferior asjiect of the skull, instead of beiii^Lf jiosterior, 
indicating that the animal was in the habit of standing 



EXTINCT ORDERS OF REPTILES. 



orect jmsturc. Tlie vortel)ral column is divisible into its 
usual re<;'ions, tlie cervical rcigion being long, and composed of 
lame and strong verteluic., wbicli do not carry ril)s. In tli(‘ 
jii'ocieloiis form of tlie dorsal vertebnc, tlie rterosanrs agria; 
witli many lleptilcs, and differ from all known Birds. The 
sacrum consists ol' 1‘rom three to six vertebric, and the tail is 
v('rv sliort in rfcrodm-ftflus, and very long in Diinirrphodov . 
It is, howevm', in the structure of the limbs and their sup- 
lunling arches that the Pterosaurs exhibit some of their most 
rciiiarkalile (*ha.racters. The pectoral arch is in many I'c- 
sjiccts very ornithic in its character, with long and slender 
scapuke and distinct coracoids, hut no clavicles are known. 
The sternum (lig. bVo, n) is of large size and liroad form, 
ami resembles that of Birds in having a median ridge or 
keel. Ossilied costal cartilages or “sternal ribs”conneeT the 
liivast-l)one witli the ribs, as in Birds; but there is tlie Be])- 
liliaii cliaracter that splint-like abdominal rilis aix^ present. 
Tilt' hrachium and antibrachium ]»resent no peculiarities of 
special note. The hand consists of four digits, of which, in 
aeeortlaiice willi the views generally entertained, the iiiiu'r- 
iiiost or thumb consists of two plialaiiges, the .second or imh'X 
lias three phalange.s, and tlie third or middle huger has lour 
plialanges. All these three digits, also, are clawed. Tlie 
hairth digit or ring-linger, on the otlier hand, is greatly clon- 
gitcd, and is elawless (hgs. r>73, 574). It carries the Hying 
iiiciiiliraue, and consists usnally of four phalanges, though it 
lias ouly two iHialanges in Oiiidhopicnoi. It should lie men- 
tiuiK'd that this elongated digit is sometimes regarded as 
I'cing really tlu', index. 

As regards the hind-limi), the })elvis is very small ; the 
ilia are ])roduced lioth in front of and liehind the acedabu- 
I’liii, as in Birds ; and the foot generally consists of live 
digits, of which four have shar]) chiws, while the “ little 
hie” may either he rudimentary or longer than the other 
hies, sei'ving in the latter case to assist in the expansion of 
the Hying - membrane (lig. 574, p). According to Prof 
l^^iidey, the lower end of the tibia is really formed by an- 
fdiylosis of the true tibia with the proximal tarsal bone, as 
ill Birds. 
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tli"lit is ('OiR'liisively sliowii liy the presence of a. iiK'dian 
upon ilie sternnni, proving tlie existence, of nnnsnally- 
(l(-velo})e(l pectora,] muscles ; by tlie articulation of tlie coia- 
n,iil bones with the to]) of the sternum, providing ji lixed 
or fulcruni for tlie action of the [lectoral muscles ; 
and, lastly, by the existence of air-cavities in the bones, 
tliisbciiig a feature otherwise peculiar to tlie true birds. Tlie 
;ip])iiratiis, however, of flight was not a ''wing,” as in birds, 
liiit a flyiiig-mcmihrane, very similar in its mode of action to 
dll' patagium of the Mammalian order of the bats. The 
jialagiuin of the ]>ats, however, dilfers from that of the 
rierodactyles in being supported by the greatly -elongated 
tiiiiidrs, whereas in the latter it is only the outermost tinger 
which is thus hmgtheiied out. iMoreovm', to niimlion one 
oilier ])oint of dillerence only, the bterodaetyles possess 
jiiicuiiiatic foramina in some of the bones, indicating a 
* .^tincture of the breathing-organs similar to that now found 
ill the birds, and wholly unknown amongst the Mammals. 
The only (iiu'stion, then, at the ])resent day is as to whether 
tlii^ bterosaiirs are most nearly related to the lve]*tiles or to 
die birds ; and it is among.st the former that they an' most 
generally ]ilaced. No known Ih'jitile lias any jiowc'r of sns- 
hiiiiiiig itself in the air in any maniu'r which can justifiably 
lie compared with the flight of birds ; since the little fdy- 
bragons {Dnuv) simply take leaps from tvee to tree' by 
'*1' 'Ills of laterally-extended folds of skin. Xo known Ih'jitile, 
bitlicr, has pneumatic hones; and there are otlu'r ]»oints of 
'lihcrciice which sepiarate the ITerosaurs from all the typi- 
'"il beptiles. Still, the gi'iieral structure of the skeleton is 
'iidiiictly be])tilian ; and the ah.sence of a. non-conducting 
i-'ivcriiig of feathers to the skin would ]irove that the aiii- 
'iid must have been cold-blooded. The structure of tla; 

further, though abnormal, is exceedingly unlike that 
^'’liirh obtains in bird.s. Lastly, it is only in ci'rtain vi'iy 
''*''‘iTaut Cretaceous birds that we meet with teeth in the 
The.se considerations would seem to justify the ref- 
of the J'tvnmnrm to the luptilia, of which they 
lui altogether juiculiar order, brof. Seeh'y, however, 
^b^iU'ds the Pterosaurs as forming a distinct class which he 
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terms Orniflumurin, and wliich he looks upon as inosi 
iK'arly ridaletl to, but coecpial witli, the chiss yi/rs. plu, 
eliief grounds for this conclusion, apart Iroiu suljordiniiti' 
skeletal peculiarities, are tliat the Vterosaurs possessi'd a 
brain of an ornithic type of structure, and that souk* r,|' 
tlieir hones were ])neumatic. 

The Ffemifiiria are exclusively Mesozoic, being fmiiid IVum 
the Lower Lias to the Middle Chalk inclusive, the Litl'n- 
grajdiic Slate of Sohudiofen (l'])per Oolite) l)eing ])artieulnr]v 
rich in their remains. ]\lost of themap])ear to ha\e altaiind 
no vmy great size, hut the remains ot tonus from the tiv- 
taceous rocks liave been considered to indicate animals Aviili 
moiu tlian tw(*nty feet exi)anso of wing, counting fmm ti]' 
to tip. 

The chief generic types of the l^triminirw ari^ cliiiiar- 
terised as follows : — 

1. P/nv(/<(rf//hi.<i (fig. 572), comjirising forms with bur 
phalanges in the wing-linger, tlie jaws ])rovided with leatli 
to their extremities, and all the teeth l)eing long and slender 
The tail is short and movabhe 



Fii'. (tf viiirnnnir. (After ()\reii ) 


2. Dimorphoflnn (tigs. 574 and 575), comprising ban' 
in which the wing-tinger has four ])halanges, and the J'O 
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;„x., toothed; but the anterior teeth are large and pointed, 
,11(1 the ])Osterior teeth are small and laueet-.sliaped. Tlie 
tail is extremely long and movable. This genus is only 
blown to oceiir in the Lias. 

]ili(tii)/)horh^/iLchii!<, eom])risiiig forms in whicli there are 
four joints to the wing-linger ; Imt the front portion of both 
jaws is edentulous, and may have formed a horny lieak, teeth 
liihig developed only in the hinder ])ortion of the jaws. The 
tail is very long. Tlie genus seems to be coidined to the 
Jurassie roeks. 

4. rUi'((iio(J(m, comprising forms whieli ajipear to have 
the general structure of PtcnHJad nfus.hwi tlie jaws are wholly 
ih'sLitute of teeth, and were jirobably ensheathed in horn. 
The scapuke and coracoids are anehylosed, and the proximal 
eiiils of the scapuke ajiparently show the unique eharacter ol 
hiiiig articulated to the neural sjiine of one ol the dorsal 
verteline. The tail is short and slender. ^ iicl isiiurus resembles 
ilie [ireeeding in having edentulous jaws, but the scapula 
is not anehylosed with the coracoid, nor artieidated with a 
vertebra. These two genera comprise gigantic forms ol Ptcro- 
'^iiurld from the Cretaei'oiis deposits of North Anunaea ; and 
I’lof. iMarsh, to whom we owe a knowledge of their charac- 
ti'vs, regards them as forming a distinct .section [Vici'anodont m) 
of the order. 

0 . Oi-ji iiliopfcrifs, conqu'ising forms in which the wing- 
faiger has only two phalanges. This gimus is only imperleetly 
hiown, and may ])os.sibly be really referable to the llirds. 

IhioKi: IX. DkinosaI'1;i.\ [Ornifliofurlufd, Huxley). — The 
I'oxt order of the Leptiles is that of the Lh inosKuna, eom- 
I'tisiiig [I grou]) of very remarkable extinct tonus, which are 

Jsoiiic res])ects intermediate in their characters lietween the 
* arsoriiil bjnls and the typical 1 tC] Riles ; whilst they have 
''Veil supj)()sed to have atrinities to the Lachyderniatous Mani- 
'“'ds. Most of the were of gigantic size, and the 

v'der is detined by the following characters ; — 

Px' )>h:uL d'((s sonicf uncfi ndh'd, fitni tsJa'd irdJi e 

"-dddnriopcd (uvdrlehm, comidiiif/ of honi/ shields, Jtuirh re- 
those of the (d'oeodiles. A fev' oj the ontenor eerte- 
/rerr opistlweolovs, the remoindcr hacimj jUd or slifdljj 
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hironrtnr hodir.^. The anferior Iririik-rihs v'cre. doiihle-hn,,],,; 
The leelli itree eonjined to the jdirs and hnpl anted in 
soehets. There vrre aheajfH tiro jfaira of liint»>, and thrsr m,-, 
stronif^ fnrn idled irith elairs, and adapted for lerrenfrinl 
f/ression. In some eases the fore-Irmhs vrre verji snudi In j,,;,. 
part ion. to the size of the hind-limhs. lio etarieles Jnnr I,,,, 
diseorered. 

The teetli are sometimes im[)laiite(l in distinet soc-kt^ls, limi 
tliey ar(! m^ver ancliylose.d M'dli tlu; jaws. Tlu* isidiiiiin iiml 
l)id)es are much elongated; tlie inner wall (if tlu; aeoliilniluiii 
is formed l)v membrane; the tibia has its Droxiianl iml 



Fi;^. .07(1. I.c-.; of Dfiiiosniir. il, Ilhuii ; 

i I.'icliiiiiii ; /, Fciiiiir ; (, Tilpi.i ; s, Filnilii; 
IK. Asti!i;':aii.s ; n/, ( '.ilc.'iiicniii ; vt, Mcta- 
taisiis. (Afli r Hiixk-\.) 


prolonged anteriorly into ;i 
streny enemial eivst,” as in 
the wading or sM'iiiiiniiin 
birds ; and the astraealiis 
bird-like (lluxliy). 

Th(' most remarkable points 
in tlu‘ orgai]isnti(.)n of ilif 
Deinosanria are eeiiiieelid 
with ( he stnielui'e ol' llie pd- 
vis and hind-limb, lla* (harar- 
ters (» 1 ‘ which, as ])oiiit(Ml mil 
liy lliix'le.y, a|»]ti'(ixiiiiat(‘ l" 
(hose of (h(‘ same- ])ails in ih^ 
birds, and es])eeially in ll>' 
pStrutliioiis birds. This ap- 
proximation is es])eeiidl) siM'ii 
in the ])i'olongalion "i d"' 
ilinm in front of the aeetalai- 
Inm (lig. 070), th(M‘Ioiigiitiiai 
and .shmderness of Ihini d 
the ischium, and tin; slemlc'- 
iiess of th(! pnlx'S. The as- 
tragalus is likii that of a hini 
and in .some cas('s appt'ai's t" 


have become ancliylo.sed witli the distal (md of the th'ia 


(leiKirally, liowevm-, tlie a.stragalus remains distinct, hut even 
in this ca.se the ankle-joint i.s jdaccal between the astragahi> 
and th(} distal portion of the bir.sus. The metatarsal 
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,^ls() roinain distinct, and arc not ancliylosed witli any of tin* 
l n'sid bones to form a “ tarso-mctatarsns.” 

I’he ]kln(i>i((uri(t. are exclnshndy IMesozoic, ran.^iii^- from 
tlir Tviassic to tlie Cretaceons formation, Init abounding 
esiH'ciidly in tlie Oolitic and tlie earlier portion of the (.'re- 
tacoous ])eriod. Hy ProRissor Huxley the ‘'Thecodont” 
llaptiles are regarded as belonging here, as has been already 
naiiiirlaMl. 

TIh! number of known Deinosaiirian Reptiles is aliaruly 
(^xtirnudy large', hut as many are only very imperfectly 
iiudei'stood, it will lee sutlicient heiaa to larielly notica; a few of 
tho more important or more interesting types. The number 
(if genera known in the Trias (such as Ta'atosaiirui^, AnijiJu- 
sinmiH, ClrjM/sntinin, Ikith jUfnidlnis, kd.) is not v(!ry large, i)ut 
even at tliis (nirly period the order seems to have had a very 
wide distribution. 

Ill tli(' durassie and ('retaceous periods the order under- 
went an immense de\a'bi])ment, and is re])reseuted by numer- 
ous genera, such as Ljoaiwdon, If/ipf^ilojihodoii, 

Ifinh’dKil II I'liH, (Uoiioilon, l\)}Jk'lli>l)li It i‘l))i , }f IjUt (t>>ll It I'UX, .l\)l(t- 

f'ltiillniH, Airiiiflioiiholis, (k fioKinini.'i, Titu lumtarm, Majulo.siui ntx^ 
(knit jinni/iKii li Its, (dionili’iiAi’o.^itin'iis, kv. Of tlie above 
tliv most im])ortant ty})es are JijiiitniAon, Jfifltrn^^aiiriis, Mr- 
ijdliisii ti ri'H, Cii iosii II nis, (^iniipsni/niitluis, and (Aioiidi'oAi'OKiiti nts. 

The hjiinnodnn is mainlv, but not exclusively, Cretaceous, 
heiiig es])eeially eharacteristic of the great delta-d('])osit ol 
tile Wealden. The length of tlie lijintnodiin has been esti- 
ii'uted as being ])robably from iifty to sixty h*et, and irom 
the elose resemblance, of its teeth to those, ol the living 
Itfuaiias, tlu!re is little doubt that it was herbivorous and not 
oirnivorons. The femur of a large Jifiniiuidou measures Irom 
lour to five feet in length, with a circumh'rence ot tweiity- 
bvo iimhes in its smallest jiart. From the disjtroportionalelv 
^’itall size of the fore-limbs, and from the occurrence oi'jiitirs 
f’i gigantic thiee-to(‘d footsteps in tlie same beds, it has lieen 
'''’’•cludod, with mucdi ]m)l lability, that LjuanodoH, in sjiite 

its enormous bulk, must have walked temporarily or jh'i- 
^“anently upon its hind-legs, thus coming to ]iresent a most 
laiirked and striking aHinity to the lUrds. 
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The tectli oi J<jiiano(lon 577) present a siii^ulaiiy cluse 
resemblance in slin])e to those oC tlie comparatively ])ioj|,y 
T^'uanas of the present day. Their crown is obtusely siili- 
triangular, witli longitudinal ridges, and having the surfurij 



I’lp'. .'iTT. — Tri.lli liJlIKUiiihiil Mi'iltillii. Wclllilrll, 


of the (oiamel crciiateil on oik* or IxjLIi sides.. They jm'sc!!! 
lh(! extraordinary feature tliat the crown became worn du'vii 
llat by mastication, showing that IiiiKdinilon employed lb- 
t(;eth in the actual trituration of the vi'ge, table matlei' mi 
which it fed. The front ])ortion ol’ the jaws seems to have 
been toothless and beak-like, and the symjihysis of the. nani- 
dible is liollowed out above ; the ])ur])ose siu'ved Iw this, 
according to tlie views of Trofessor Owen, being to laeililate 
tlie easy ju-otriision and retraction of a long museuhir and 
prehensile tongue, eiiijiloyed by the animal in stri]»|diig "11 
the foliage of tree.s. In the Cretaceous (hijiosits ol N">’th 
America the genus JffuaniHlon is represented by the iimii’l,'' 
allied Had rosau rus. Jijiuinodon is not known to liave 

sessed any exoskeletal structures cajjable of preservation ni 
tlie ibssil state ; but the Ifi/lrmsairriis of the Weahlen 
sessed bony dermal scutes, prolonged along the middle lint 
of the back into a row of enormous spines. 

The gigantic Cdiosaurus of the Colitic and Cretaceons 
rocks was originally placed amongst the Crocuddia ; but iht 
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researclies of I’rofcissor ?liilli))S liavo sliown that it b(3h)n<^s 
iviilly to tlic Tkinosnuri(f. flavin^ o]»taiiie(l a ninf>iiiliL'ont 
series of remains of tliis reptile, iTofessor Tliillips lias been 
iihle to determine many very interesting tioiiits as to tlie 
lUiiitoniy and lialiits of this colossal animal, the total length 
iil wliieJi lie ('stimaO^s as being probably not less than sixty 
or seA’tnty feet. As to its mode of life, this accomplished 
^vl'ib'r remarks : — 

“ Probably wlum ‘standing at (‘asci ’ not less than ten feet 
ill height, and of a bulk in jiroportion, this creature was un- 
iiiab'lied in magnitude and ])hysieal strength by any of the 
largest inhabitants of the Mesozoic land or sea. Did it live 
ill the sea, in fresh waters, or on the land ? This (juestion 
(iuiiiot be answered, as in the case of lehthyusaurus, by 
aipeal to the accompanying oiganic remains; for some of the 
hones lie in marim^ deposits, otlaa-s in situations marked by 
estuarine conditions, and, out oi' the. Oxibrdshire district, in 
Sussex, in Iluviatile accumulations. Was it litted to live 
exeliisively in water ? Such an idea was at oiu‘ time enter- 
liiiiied, in eonseipience of the lueoncave charaetm' of tlu' 
raiulal vertebric, and it is often suggested by the mere magni- 
tude of the creature, which wouhl seem to have an easier life 
while lloating in water, than when ])ainfully lifting its huge 
hulk, and moving with sh)W steps along the ground. lUit 
neither of these argunnmts is valid. The aneieiit earth was 
liuddeii by larger (juadrn])eds than our elephant; and the 
i'ieoiieave character of vertebra*, which is not uniform along 
tiu! column in C'etiosaurus, is perhaps as much a ( haracter 
nl a geological })eriod as of a mechanical function ol lite. 
hood evidence of continual life in water is yielded in the. 
'"ise of Ichthyosaurus, and other Knaliosaurs, by the articu- 
hitiiig surfaces <»f their lim))-bones, for these, all of them, to 
hie last phalanx, have that slight and indelinite adjustment 
"i tlie bones, with much intervening cartilage, which tits the 
to be both a. Ilexible and forcible instrument of natation, 
’“''rh su])(!rior to the ordinary oar-blade, of the boatman, 
hu the contrary, in Detiosaur, as well as in l^Iegalosaur and 
iguaiiodon, all the articulations are delinite, and made so as 
to corresiHond to determinate movements in particular direc- 
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tioiis, and theso are such as to bo suited for walking. [„ 
particular, llio foiimr, by its liead ])rojectiii_u; freely from Hi,, 
acetabulum, seems to claim a movement of free stcppinn 
more ]»arall(d to tlu' line of the boily, and more approacliinn 
to tlie vi'rtical than (lu* sprawling gait of the crocodih'. TIh' 
large claws concair in this indication of tc'rrestrial hiil)irs, 
Jhit, on the otlu'r hand, these characters are not contiarv in 
the belief that the animal may have been am])hibious; ami 
the gnait vertical height of the anterior ])art of the tail sacias 
ti.) sujiport this (;x]»lanation, but it (h)(‘s not go fui'ther. Fm' 
the later caudal vertebra', instead of being much compivssrd, 
as in Ti'leosaurus, are nearly circular in the cross scctinii. 
and ai'c interlocked by ])osterior zyga])0])hyses, extendi'd ovn 
half or the whole length of a. vei'tebra*. A\’e have tlicrclorc 
a marsh-loving or river-side animal, dwelling amidst iili(aii(\ 
cycadaceous, and coniferous shrubs and ti’ces full of iiismls 
and small mammalia. Wlmt was its usual diet ? If >■< 
iriiffiir Ironriii, sillelv ihii/r rihiiui. We have illd(‘C(l hill 
OIK! tooth, and that small and inconpilete. It resciiihlns 
more the tooth of Iguanodon tlian that ol' any other rc]itili': 
and for this r(‘as(»ji it s(‘ems ]ti-obablc that the aninml ^v;l'' 
noiirish(‘d by similar vegetabh! food which aboundi'd in Ih' 
vien'nity, and was not ohliged to contend with Megalosiuirim 
for a scanty supply of more stimulating diet.” 

Colossal as ai‘<! tlu! dim(!nsions of fV/hwooves, they ii]']H‘;ii 
to have been (!xceeded by specjVs of the gtmus 
(I'/f/f/iostf H riix). Thus yf. iiHiuhnnis, li'oiii the, A\h“:ililcii 
(Colorado, according to l’rol‘. IVlarsh, “ is by tar the lingi‘>l 
land-animal yet discovered ; its dimensions b(!ing giciilei' 
than was su])pos(!d jxessible in an animal that lived iiml 
moved u))on the land. It was some lifty or sixty lc(‘t m 
length, ami, wlum erect, at least thirty feet in h(!ighl. h 
doul)tless fed u])on the, foliage! of the mountain Ibi’csts, pot- 
tions of which ar«! presejrved with its remains.” 

Mrffdlosfttrnis is a gigantic Oolitic Ilejetih!, which occiu's 
also in tln! Cretac(*ous seiries (Windd Clay). Its length him 
been estimatejd at betweiin forty and fifty feet, the femur and 
tibia each nKiasuring about three feet in length. 
head of tlu! heiiiur is set on nearly at right angles witli llic 
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shaft, wliilst all the long Imiies contain large inedullaiy 
cavities, there can lae no (loul)t hut that Mcffnlo^KurnH was 
U'lTcsti'ial in its habits. That it was carnivorous and d(‘- 
structive in the highest degree is sliown hy tlit'. ])owerfid, 
poinled, and treiicliant tectli. 

The teeth in Me(j(ilomurm (fig. 578) are (sonieal, coin- 
piessed, with hnely-serrated islges. Tlie fort)-liml»s are e.\- 



ti'iUii’dinarily smaller than tin* liind-limhs. Tlie teeth do not 
iK'cdiiU! worn l)y mastication; and there a]»|H'ars 1o liave heen 
lut oxoskeleton. In the Cretaceons (le))osits of North America 
die ])lacc of is taken hy the closely - allied 

(or I)ri/pfos((iirii>i). 

fine of the most remarkahle of the Thimt^iniruf is tlu* little 
of the lathographie. Slate of Soleii- 
liofeii, regarded hy Professor llnxley as the ty|H‘ of a s]u‘eial 
Kinii]) {(hiiip.^oifnafka) of his order Oniifiioxrditla. Tin* s])eeial 
‘haraetc.rs distinguishing this groii]) ai'c, that the cervical 
^T^i'in of the spine is long, and the femur is shorter than tin' 
dl'ia; whereas in the typical 71(’/y<o,sv7// /ah the neck is i-ela- 
d’^'cly short, and the femur is as long as, or longer than, the 
ddia. Coiiip.soffiuifliNs is not lannarkahle for its siz(', whieli 
'^aes not seem to have been much more than two lei't, hut 
da' the striking alVinities which it exhihits to the true Pirds. 
hciid of (hmp>iopnatJn(ii was furnished with fooflnil jaws, 
sup])orted upon a long and slender neck. The lore- 
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limbs were very short, Imt tlie hind-limbs were long mul 
those of Ihrds. The pro.cim<d portion of the tursiis reseinhlcl 
that of llirds in being {inchyloscd to the lower end of [Jk, 
tibia ; but the distal i>ortioii of the tarsus— unlike that ol 
lUrds — was free, and was not anchylosed with the iiK^ia, 
tarsus. Ihixl(‘y eonelndes that “it is impossible to look al 
the eonformalion of this strange Iteptile, :ind to doubt that 
it ho|»ped or walkecl in an erect or semi -erect ])osiLiou, afua 
the manner ol‘ a bird, to which its long neck, slight head, ami 
small aiit(‘ri(.»r limbs must have given it an extraordiiiaiv 
resmublaiKH*.” 

The last typ(i of the Drinosaii ria which we shall iiolici; 
hei'e is the singular genus (Jhond roslt'omni'as (- (/iiitini'n- 
saanis)^ com]»rising gigantic reptiles from the ( 'retiireoiis 
tbrmations of Britain and North America. The size rea('liol 
by some of the species (if this genus ^\'as enormous, the 
huigth {)rohably being sixty or seventy feet, while tlu' uias- 
.-'ive construction of the skeleton is ;is remarkalde as ilsimiv 
liiK'ar extension. Tims, in an Anu-rii'iin s))ecii;s, the limt 
ci!rvic:d vertidira is “twenty indies in length and twidvc ia 
transverse diameter, and one of the dorsals measures ihrm: 
and a half feet in the spread of its diapo])hyses, two aii'l a 
half feet in elevation, with the centrum thiilemi iiudics in 
diameter” (Cope). The femur was six h-et in length, ninl 
the sca]tula live, and a hall’ feet; while the neck was pro- 
liably ten feet long. The vertebra* (lig. oTO) aie ojiislln'- 
(•(ohtiis, and the centra are hollowi'd out into large lali‘i';il 
sinuses on each side, which are believed by Owen to Imvr 
been filled with unossified cartilage, but which Co{h* lauks 
u[)()n as jMj.ssibly having contained air. The truuk-riks aiv 
connected with the vertebra* liy double articulation, as m 
the ( 'rocodiles. 'I'he neural arches of the vm-tehia* arc inc 
mensidy elevated (fig. bVD), and tlie sides of the centra arc 
excavated by diipressions, which are conjectured hy Owen I" 
have lodg('d sa(*cular ]a-oce.sses of the lung, and whidi thfpc 
believes to have communicated by open foramina with the 
internal sinuses of the vertebral body. From the ininiciiw 
size of the scajmla and hiimeVus, and the ])ro|)ortioniitcl} 
small size of the pelvis, it may be safely inferred that 
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(Mioviiioiis reptiUis walked upon all-fours ; and it seems not 
iiiiliki'ly that their hahit of existence was reiilly a semi- 



l''iK. —Anterior dorsal verleltra of < -•n . iviluei'd 

ill size anil viewed from lieliiiid. (After Co|ie.) Civtaeeuus, Noitli Anienea. 


aquatic, one. The Amphieoild^i of the (’retaeeous of Xortli 
Aiiicvica is nearly allied to Choiul n and the Diplro- 
pliirjis of the Trias of ITah seems to havt' helonj^ed to the 
dilute !j;roup. 

It Would seem that the genera just mentioned ludong to 
the s;mie natural group of the Deinosaurs as Ihost' whieli 
Alarsli has recently raisetl to the r;mk of a sidt-oixler under 
the name of Aiutropoda. The genera in (pu'stion {AfJanto- 
^iiiirvs, Moromiinfs, kc.) ant from the durassic recks of 
Aincvica, and are characterised hy the nciirly ef[n;d size of 
the fere and hind limhs, tin* feet being pentadiiciyloiis and 
plantigrade, and the limb-hones without medullary cavities, 
flut car])al and tarsal bones are distinct; the ])uhes unite in 
h’out by a ventral symphysis ; the pra'caudal vertebra' coii- 
taiii large cavities, possibly pneumatic ; and the neural arches 
united to the centra by suture. 
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Filuilly, it rnjiy just be mentioned tliat tlie remains nf 
I leiiiosiiurs (<’.//., ^Iffuf/KnmKfs) are found in tbe so-eall(.ii 
“ Li^enitic Series ” of JSbn-tli America, wliich sonm liin], 
autliorities regard as Iteing really of early Tertiary a;^e. Tin- 
evidence available at ])resent is, liow(!ver, decid(‘dly in favdin 
of the view that tbese deposits truly bidoiig to tbe closiiin 
portion of tlie Cretaceous ])eriod. 

OKDim X. Tiiekiodontia. — This order has been foumlel 
by Trofessor ( )wen for tbe reception of a number of cariiivni- 
ous Keptib's from deposits of Triassic or ITuanian aei;. Tin- 
Reptiles in (piestion show some singular i\rammaliaii alliiii- 
ti(‘s, es])ecially to the Reasts of Trey. Thr (h nfition is of the 
r'lniirorims (hr (nth, ()riuij in thirr (dsdnrt sits — r/';„ 

i/(r(sors, rti/d/irs, and niotads, and, the vaninrs lirimj liii'nc mul 
liatidrd. 

Til (d/fiiadrari), wliicli may be regarded as the best known 
form of the yroiip, the canines are not only of imnuaise size, 



I' e'- I'l'iiiit view ()l tli<‘ skull i>f sliowiiiL; t lif‘ ; n, l''i"ii' 

<-t tli<; iuwsiil r,i„<„l,<ioi s, , I iih sliiiwiiia IIm- iiicisur Icctli; i , Sidr view nf tin- Jaws nt 

Mill! ii.y, showing tin- iin isois iiiid tin; liiiiiarifonii caiiiticH. c, CaiiiiicH. (Al'Ur Owi ii.) 


but are compressed in sha])e, and have the hinder trenchant 
border of the tooth minutely serrated, thus somewhat reseia- 
bling the canines of the Sabre-toothed Titter (JAzr7e/i/w''^'4 
Tlie humerus is, further, furnished with a “ su[)ra-condyloi(l 
I'oramen” (similar to that of the humerus of the iV/a/a) 
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i'm' tlu: pi‘()t(M;tioTi of tlie inediiui novvo and 1)racliial artery 
oil tlicir way down tlio arm. Tlic genus (Ji/nodraco (lig. 
oSO, li) is only known as occurring in dejiosits believed 
to 1)(! of tlie age of tlio Trias in South Africa ; and the 
same forniation contains a large nunduir of othei' lieptilian 
tvjKis whicli are refenvd by Prof. Owen to the order of 
tlio TJin‘i(id()nti((. The most im})ortant of these are Li/co- 
>;ii/iniH (lig. nSO, A and c), (Ji/nochamjisx, (/(drsininix, Tijiri- 
surliiiH, and Ci/iKniurhua. The eminent paheontologist just 
iiientioiu'd has further indicated that certain Permian L’c])- 
lilrs [Jirdliopnx, Jh idmK'iairrii^, dc,.) are jiroltably really refer- 
alilc jo the Tlieriodonts ; and it would seem [)robable tliat 
the (Icppidrops of (,'ope, iVom the Permian rocks of Xorth 
America, should be regarded as a member of this order. 
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CHAPTER XXXVI. 


y;/A’ ns. 


Till' fourth class of tlic Vcrhln'dtd is that of .-f/vw, or Iiink 
The Rirds may 1)0 sliortly dctiiuMl as Ixoii^' “ ovipiiimi' 
\h.‘rt(!hrates with warm l)lood, a douhh*. circulation, nml ii ^ 
coveriii ;4 of feathers” (Owen). i\loi’e mimitcdy, liowcvor, 
the Rirds iuv, detiiie<l by the possession of the follDwiii;.: 
(diaracters : — 

Tlir sL’nIl d rf ((’I'hdf'.'i v'lf/i //tc rrrfrhrffl rolinni} Idj a .sv/////' 

nrripifdl roidhih', TId' Joi'iii of Hd' rt'i'h'hi'dl (‘I'lih'd Viii'h's: 
hill till'll i\i‘ri'j)f uh fid' r./A/xt 

Irlltlrifid'ilU. Edcli lldlf or I'ddin.'i of fid' hdi'i'i' Jdir ri)il>^dh 
of d 'iiiuiihi')' ff pii'i'i’fi, i>'lrd'k drr .'^rpdi'dfr from one inmllin' m 
fid’ niihri/o ; and thr jdu' Is vnlfi'd vdfh thr sl iiff, not dird’lhj, 
foil hif thr infrrrrnf'idil of d qiiddriifr hioir {iis ‘ui flir lh'phi>:^ ■ 
Thr forr-limh hi no r.iisfudj fords ^xw.sv'.s.s7’,s' niorr fhdii fhd' 
Jlidjrrs or diilifs, and thr mrldrorpiil hours iirr diirhifhisdl /''- 
ili'tlirr. Jn all lirhoj Jlirds thr Jorr-lniihs orr iisrh'ss d- 
ifiirds pirrlirnsion, and, in most thrij orr lo'ijdiis (f Jld/hl. 

111 tid.-fi'iiihs in dll Birds liorr thr dnldr-johd pfdrrd 'ir- 
middlr of llic tdrsns, thr 'prox hind portion if thr fnrsiis ri)(dd'- 
imj vntli thr iihid^ irnd thr disfid- pid'tion if thr tirrsiis 
dmdiylosrd inith thr n to ronstitidr n shujlr hold' 

ds thr “ tarso-mrldtdrsiisT 


Thr lirnrt consists of four rhondirrs, tiro aiirirJrs mof b'" 
rentruies ; and not ouly arc thr riyht and left sidrs oj 
heart conrplrtrly srparidrd from one another, hid there 
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r,^^ifii)irnicofion hdircni ike pdmonary and systemic eircula- 
as there is in lieptiles. 

The respiratory oryans are in the form of spongy eeJhdar 
linajs, 'irhieh are not freely suspended in p/eural sacs; and the 
hronehi open on their surfarc into a ninnher of air-sacs, placed 
ill. (lijferenl parts of the body. 

All birds are oriparovs, wme hrinr/iny forth their young 
iilire, or being eren oro-ririparovs. All birds are, lastly, pro- 
riib'il v'ith a Us epidennic covering, so 'modi fed as to eonstilide 
vital are I noim as feathers. 

Tlu; euiii’O skeleton of tlio J’irds is singularly coinpaot, and 
at llu' same time singularly light. The compactness is due 
to llie ])resence of an unusual amount of phosphate ot lime ; 
and llie liglitncss, to tlu; absence in many of tlie bones of 
the iirdinaiy marrow’, and its replacement by air. 

As regards tlie rertebral eoluain, lUrds e.\hil)it some ^er\ 
interest iiig peculiariti(‘s. The cervical region oi the spine', is 
unusually long and flexible, since the tore-limbs are ust'less 
as organs of prehension -and all acts of gras])ing must be 
excreisc'd either by the beak or by the hind-feet, or by both 
acting in conjunction. The number of v(*rtebr;e in the lu'ck 
varies from eight to tw’(‘nty-thr('»n Tlu' front faces of their 
coiilra are cyliiidroidal (spheroidal in Penguins), eonrer from 
ehirc dtarnvards, and eoneare from side to side, the posterior 
faces being concave from above dow’invards and convi'X from 
^^iile to side. Hence in vertical section, the vertebra' app(*ar 
to !)(' (pisthoceelous, and in hovKontal section procaioas. This 
^^truetunv of the ca-rvical vertebra' is highly characteristic ot 
birds. Tin*, dorsal vertebra' vary from six to ten in number, 
iiiHl of tlu'.se the anterior four or five are generally anchy- 
i"S('(l with one anotiu'r, so as to give a base of resistance to 
tlu! wings. Ill tlu! Cursorial P>irds, howu'ver (such as the 
fbtricli and Tmeu), and in some others (such as the Pen- 
S'bii), in whicli the ])o\ver of flight is wanting, the dorsal 
'crtclii'a' are all more or less freely movable one upon an- 
otlier. There are no lumbar vertebra', but all the vertebia' 
^'(4wcen the last dorsal and the first caudal (varying from 
^biie to twenty) are ancliylosed together to form a bone 
"bicli is ordinarily known as the “sacrum.” lo this, in 
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turn, the iliac hones are anchylosed along their wliolii 
length, giving ])erf'eet imniobility to this region ol tli,. 
spine and to the pelvis. 

The coccygeal or caudal vertehric vary in number from 
eight to ten, and are movable upon one another. In reulity, 
however, the nuniber of caudal vertebra? is imicli greater 
than the above, since some ot the vertebiie ol the aiicli^ldsod 
“ sacrum ” properly fall to be counted in this region, and llir 
“ ploughsliare-bone ” consists of more tlian one verit-lua, 
Tlie most noticeable feature about this i)art ol‘ the spinal 
column is what is known as the ‘‘ idoughsliare-bone.” Tlii> 
is the last joint of the tail, and is a long, slender, idmi-li- 
share-shaiied bone, di^stitute of lateral i)rocesses, and villioiit 
any medullary canal (fig. 584, b). In reality it coiisbts iil 
two or more of the caudal vertebra', com])letely aneludosol, 
and fused into a single mass. It is usually set on lu ilia 
extremity of the spine at an angle more or less nearly [n'r- , 
peiidicular to the axis ot the body ; and it altords a tiiiii 
Ijasis for tlie support of the great (piill-feathei'S of tlie tail 

rectrices ”). In the Cursorial llirds, which do not lly, tla; 
terminal joint of tlie tail is not ploughshare-slnqied. In 
extraordinary IVIeso/.oic bird, the Airhuvptvrii.c ■inarn'rii, llii'n 
is no ploughshare -bone, and tlie tiiil consists of twi.'iily 
separate vertebra?, all distinct from one another, and raeli 
carrying a pair of (juill-featliers, one on each side. As tla’ 
vertebra? of the ploughshare- hone aia; distinct from niu' 
another in the embryos of existing birds, the tail ui the 
Archtroptr/ryj. is to he regarded as a case of the permaiirnt 
retention in the adult of an embryonic character. In 
increased number of caudal vertebra', however, and in 
other characters, the tail of the Archaopkryx makes a 'i*' 
cided ajiproach to that of the true Iteptiles. 

The various bones which compose the dull ot Ihnls air 
amalgamated in the adult so as to lorm a single picer, an 
the sutures even are obliterated, the lower jaw alone iiimain^ 
ing movable. The occipital bone carries a single ocra]ti a 
condyle only, and this is hemisplicrical or nearly gloladai u 
shape. The “beak” (fig. 581), which forms such a 
nous feature in all birds, consists of an upper and lower la , 
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.1 “ superior” and “ inferior mandiiile.” The upper iiiaii- 
'Jjlile is composed almost entirely of th<! greatly-elongated 
iiitermaxillary bones, flanked by the comparatively small 
superior maxilhe. The inferior mamlihle is )irimitively com- 



Fig. Hkilll of Sj.ur-\ving<''l (iousi- {licctiviih rm Caml', 


posi'd of twelve piec(‘S, «ix on oaeli side; but in ilie adult 
lliese are all indistiie^uisliably ainalganialed with onti another, 
and the lower jaw forms a single ]deee. As in the Leiitiles, 
tlu! lower jaw articulates with the skull, not directly, hut 
tliriin^li the intei'vention of a distinct hone — the ([uadrate 
bone or tyiiipanie hone — which always remains ]K'rmancntl} 
iiiovalde, and is never aiiidiylosed with the skull. In no 
living bird are teetli ever developed in either jaw, hut both 
inaiidililes are encased in horn, forming the beak, and the 
margins of the hill are sometimes serrated. In the ieitiai) 
Odoitfopfrrijj-, however, the alveolar margins of tlie jaws are 
laolongfid into tooth-like imicesses sheathed in the horny 
substance of the hill; and in the Cretaceous 0<loKtoni{fhf.< 
true teeth are ])resent. 

The thoracic ca\'ity is laounded behind l>y the dorsal ver- 
tolirng which are usually, as before .said, anchylosed with one 
aiiutlier to a greiiter or le.ss extent. Laterally, the thorax 
hhuimded by tlie rilis, which vary in number from six to 
ten ])air.s. In most birds each rib carries a ]ieculiar pio( ess 
— the “uncinate process”- — which arises from its posteiioi 
^>i!ngin, is directed upwards and backwards, and passes over 
tlie ril) next in succession behind, where it is bound down 
h’ bgaiuenU The first and last dorsal ribs carry no uncinate 
imocesses, and in some cases the processes continue through- 
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till! li(V‘ as separate ])ieees (lit;-. 582, a). Anteriorly, tlie iil,s 
articulate uilh a series of strai,nlit bones, wliieli are culled 
the “ sli'riial ribs,” but wliicb in reality are to b(' looked 
u])on as tlu‘ ossilied “costal cartilages.” These steiaial lilis 
(tig. 582, a) are in turn niovably arliiailated to the slei'iiiiiu 



in li'ont, and " tliey ai'c the ceiitn's upon wbicb tlu; rcspiia- 
tory nioveiiicnts iiinge ” fttweny In Jnnil tla* llioiacic 
ea\ity is coni])leteil by an cnorniously-e,\ jianded sterniiiii "i' 
bieast-boiie, wbicb in soiue birds of ureal. ])o\veis of Ibylii 
extends over tlic abdoiuinal cavity as w(dl, in some 'ascs 
(-■ven j'eaidiinu tbo jxdvis. Tlie sternum of all birds wlnVli 
11} , is cliaracterised by tbr; preseaice of a, great Iy-deyidc|icd 
tnedian ridge or keel nig-. 582, A), to wlnddrare attaclic.l the 
gieat jM'cioiul muscles wlmdi move (be wings. As a general 
rule, tin; size of tin's steiand crest allows a. very tderable 
estimate to be formed of Uie, Hying powers of tla^ biid te 
wbicb it may bav.- belonged ; and in tbe ( )slri( lies and otla'i' 
birds wliicb do m*t fly, tbere is ii(» sternal keel (lig- 
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At its antiaior angles tlu* slcniuin cxliiliits two })its for tlio 
;iLta('liiii<‘iit ol' tlie coracoid hones. 

The scajiiilar or ])C(4oral arcli consists of the slioulder-ljlade 
or scapula, the collar-hone or chivicl(‘, a.nd tlac coracoid l)oiie, 
ou (‘ach side. The scapnla, as a ride (fii;'. oS2, A, s, ,s) is a 
simple elonuated hoiu', not llaltiaied out into a hroad plate, 
, 111(1 cai’rvinp' no transverse ridi^e, or sjmions process, (hdy 
;i portion of the pleiioid cavity for 
the articulation with the liisid of 
the liuijierus is foianed hy the scap- 
iihi, the ]'(*niaind(‘r heiny fornuAl hy 
tile coracoid. The coracitid hones 
tiy. d.S2, A, /■, k) correspond with 
the coracoid ju'ocesses of man, hut in 
hii'ds they ai‘e distinct hones, and 
me not aiichylosed with the sca]‘- 
' Ilia. The (.'oiacoid lioiie on ea<'l'. 

.''iiie is always tin* stroiiyest of the 
holies roi'iiiiiiy the scapular arch. 

•'Superiorly it articulates with (he (daviide and scajada. and 
Iciiiis ])ai't ol the yhuioid cavity for th(‘ hunim’us, Iid'eriorly 
each coracoid hone articulales with the upper anyle of tlu' 
''icriium. d'lu' position of tlu' coracoids is more or less nearlv 
vciiical, s(» tliat they form lixed jioints for the iictimi of the 
^'iii.as in their downward strok(‘. The clavieles ^liy. 0.^2, .V. c) 
111'*' rai'ely iiidinientaiT or ahsenl, and are in s(»me fi'W cases 
"I'liaiate holies. In tin* yreat majoiity, howe\'er, of birds, the 
' hiA iides are. aiichylosed toydher at their anterior extremi- 
hes, so as to form a sinyle hone, somewhat \"“shaped, ])o])u- 
huly h'liown as the “ merry-t honyht,” and technically called 
die “ liirciiliim. ’ The outer e.xtriunities of the furculum 
''I'dciilate with the scapula and coracoid ; and the anchvlosed 
'"•yh' is commonly united hy liyannuit to the top of the ster- 
’*'>'11. Th(* function of the clavicular or furcular aich is '‘to 
'Tl'o^o the forces whicdi tend to press the humeri inwards 
'"^'itrds the. mesial plane, duriny the downward stroke of tlu' 
^^iny " (Owmi). ( 'oiiseipiently the clavicles are stronyer, and 
llicir anyle of union is more ojx'u.in [)roptu-tion to the powers 
"1 lliyht possessed hy each bird. 
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As regards the struetiire of tlie wing |)ro|)er, tlu* Iihhkmus 
is sliort and strong, and artienlates superiorly with an arti- 
cular cavity lornicil partly hy the coracoid and ])arlly hy ilir 
scapula. The Ibre-arni is composed of a radius and ulna, ot 
which the loiaiKU’ is the smallest and most slemh'r. Tlic 
carpus is naluca'il to two small hones wedged in hetwiaai tin 
distal end of tlui Ibiv-arm and the metacarpus. Oiu* dtlin 
horn? ot th(‘ noi'iual cai'piis (nanudy, tin* “ os magniiui ", ^ 
])res(‘iit, hut tins is anchylosed with one ot the metacaiimh 
Thei'e ai'(' thus I'eally thirr carjtal hones, though only hvn 
ap]>ear to In* pi'esnii. (Aciau-diug to Alorsi*. theis* isayiao//' 
cai'pal, which early aiiehyloses with the base ot the iiieia 
carpal ot the mitldle lings*!*). The carpus is lollowed liy [Ik 
metacar[uis, the condition ot which agi'ees with that <il' lia 
carpal hones. The two outermost ot the normal li^e ]iie[a- 
car[)als are ahsent, and the remaining three* are anehylosed - 
togvthi'r with the os maguiim — so as to huiii a single heiir 
(tig. 582, .\, III). This heme, however, appears e.xtei'ually as i! 
i'oriiieil ot tini metaeai'pals united tie one another at- their 
(‘xtremities, hut tree in tlieir median jnution. The niita- 
carpal lame which corivsponds to tin* radius is always the 
largi'i' ot till! two fas heiiig ivally composed ot two nieta- 
carpals), and it carries the digit which has the gi'eatest mini 
her ot phalanges. This <hgit corresponds with the " iuih'X 
linger, and it is composed ot I wo, oi* sometijues tlii'ee, pha- 
langes. At the proximal end ot this metaeai'pal, at its outer 
side, there is generally attached a single phalanx, eoiistitut 
ing till! so-called “ thnmh,” which carries the “ hastaid-wiiig. 
and is sometim(*s turnished with a claw. The digit which i'' 
attached to tin; ulnar metacarpal corresjionds to the iiiiihlle 
linger, iuid nitvei* consists ol inoia* than a single jihalaiix. 

As regards tin; Structure ot tin; posterior extreinity or himl 
lind), the pieces which c.ompo.se the iimoininale hones (namely, 
tin; ilium, ischium, and pnlH*s} an; alwavs anchylosed with 
one another; and tin; two innominate, hones are also always 
anchylo.sed, hy the nn;dium ot tin; greally-elongated ilia, with 
the saei'al region ol the sjjine. In no living hiid, howiivci, 
with the singh; excej.tion of the Ostrich, are the innominate 
hones united in tin; middle lim; in trout hy a symphy^i’^ 
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IMiliis. Tho stiihility of Ur. ),oIvio avcli, ncc(!ssary in aiiinmls 

wliich .SII|.|J01'I, Ur. Wciylit of tlio body on tlio liind-liinlis 

aidin', i-^ aiiiiily sooiiivd iu nil onliiiary ciisc.s by tlio aricliy- 
losis of till' iliii with the s;i.ermn. 

As ill till* higher \ ertehrates, llie lower limb (fi-4, bS-b A) 
r.msists of a Ibinin-, a tihia ami lihiila, a tarsus, iimtatarsus, 
l'li:ilanges ; hiit soma of tliese parts are eoiisiilerably 
nlisciired by amdiylosis. The femur or tluVli-boiie (ti_y. 584 , 
is yi'iierally very slioit, eoniparatively sjieakiiiy. Tlie 
iliidf bond nf Hr. Iru is tbd tilda (/), to wliidli a tbin and 



l.i|i(.|iny' libnla (/■) is aindiylosdd. The nii|i('i' ninl of tbd 
bowd\'di-^ artirnlalds wilb tbn oxloniai doinhdd of tbd 
''■‘"III-. 'I'bd anlJd-joinl is jdaddd, as in l;d|.lilds', bdtwddii 
l ie pioxiiual and distal portions ot tlie tarsus, d'he |>roximal 
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portion of Iho tar.^iis, consistiipu’ of two Itoiio.s i'o])ivsciitii|n 
tlio iislraL;'iilus aiitl (‘alcaiieuiii or llio foniior only, is niidis- 
linyiiisluilily anialyaiiiatod willi tho lowor end of the ijliin 
'riio distal pojlinii (tf tlio tarsus is aiicliylosod with llio sicoinl 
third, ami fourth iiiotatarsals to ('tuistituto tho most cliiiiar- 
toristic hono in tho loy of llio llird -tho “ tarsd-iiuaatarsus ' 
(///). In most of tho hmy-loyyod birds, suoh as th(‘ A\:t(ltr>, 
the dis]iro|)oi‘tionato huiytli of tho toy is yivon hy an cxtra- 
ordiiiai'V oloiiyation of tho tai’so-niotatarsus. 

Tho tais(,)-niotatarsus is hdlowod inforiorly l>y tli(‘ di-Ts 
of iho toot. Ill most birds tho Idot oniisists oi tlil'0(‘ Idfs 
diioctcd liirwards and oik' backwards — four toos in all. in 
no ’wild bird ai'o thoro //o//v than four toos, but ol'ton tlmv 
ai'o only thro(‘, and in tin* Ostrich tin- nuiiibor is rodmrd lo 
two. In all birds which have throe anterior and olio postorini 
to(', it is tho p(»stoi'ior thumb or liiillii.f (that is to say. the 
iiiiioi'iiiost diyit of tin' hiiid-Iimbj whiidi is diroctdi hack- 
wards ; and it invariably consists of two phalaiiyos only, its 
mciatarsal lioiny iiicomphdo and unilo<l,as a rule, to the taisn- 
motatarsiis byliyamont oidv. Tlio most intornal (»f the lliivc 
autorior toos (tho “ index’') consists of throe jdialaiiycs; the 
next (“middle”) lias four phalanyos; and the outcrnio>( ine 
(“annularis”) is made up of five jdialanyos ;liy. dSl. A. 
Tliis incroasi' in an arit liinot ioal ratio of the phalaiiyos of the 
toos, in ])roc(‘0(liny from the inner to the outer side of tin' 
foot, obtains in almost all birds, and enables us readily i" 
de-tcct wlm h diyit is su|»|)resse<l, when the normal four are 
not all present, \hiriations of dilfereiit kinds exist, howioer, 
in the niimbor and disposition of the t.oes. In nian\' luids 
- -siieli as the Parrots- -the outermost too is liiriiod back- 
wards, so that there an; two toes in front and two behind; 
whilst in tin; d loyons the inmu' toe is turned back with the 
hallux, and the (>utermost toe is turned forwards. In others, 
ayain, the outer toe is normallv (iir(‘cte(| forwards, but can he 
tunieil backwards at the will of the animal. In the Swiil^^^ 
on the otlmi- hand, all f((ur toes a.i’<^ present, but they are all 
tiirnod forwards. In many ca.ses— especially anioiiysl the 
Natatorial birds -the, hallux is wholly waiitiny, oi' is ludi- 
Jn(;ntary. in the Mmeu, (,'assowary, Pustai'ds, and other 
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oviici;!, (Ik* liiillux' is iiivuriaidy :il»s(‘nt, and tlie foot is tlircc'- 
Ill til'* Ostrich luttli the IimIIiix :iih 1 the next toe 
(■* iii(l(‘\ ") an* wuiilin^-, and llie loot consists sini])]y of two 
tucs, tlu*se lu'iiiy the tliird and fourth dii^its. 

As iH'yanls tla^ y/vVeyov// fZ/.s/zv/e/Z/o// of Ihrds, tlien* are 
many reasons why W(‘ sliould he cautious in reasoning u[>on 
merely iieyative evidtuice, and more than ordinarily carel'ul 
not to iul'er the iion-existeiice of birds duriiiL;' any partieiilar 
'^enlo^ical epoch, simply ]>ecause we can liiid no ]iositive 
evidence for their pn'seiice. As Sir Charles [>yell lias M'ell 
reiimrke'l, “the ]>owers of Iliyht possess(‘d hy most liirds 
Would insure llu'iii against perishiiiii' hy numerous casualties 
to which tpiailrupeds are exposed dtiriii^Lf Hoods ; ” and, “if 
they chance to he drowned, or to die when swimniiiey on 
Avatcr. it will scarcely ever happ(*n that they will he suh- 
mmyed so as to hecome pi'esei’ved ill sedimentary di*posits, ' 
"iiiee, from the lightness ol' the hones, the carcass would 
leiiiain loiiy alloat. and would he liahle to he devoured Ity 
la'edace'fiis animals. As, with a few utterly lri\ial excep- 
limis, ull the deposits in whii*h fossils are I’oiind ]ia\'e hm-n 
laid down in water, and more (‘spmdally as they are tor tlic 
iim>l part marine, these c(msidcratioiis ]iut forwaril hy Sir 
t'liarhs hmdl afford obvious Ltroiind ayaiiisi the antii'ipat ion 
that the remains of Idrds should Ik' either of fre(|iU‘nt 
"la 111 I'Uice or of a perfect character in any of tlu* fos- 
"ihrerous ro'dvs, In accoidance with thcsi' considerations, 
a> a matter of fact, most of the known r(‘mains of lu'rds 
'lie (dthcr frayiuciitarv, or ludony to forms which were 
"leaiiiscd to li\’e a terrestrial life, and were not tidaptcd 
h'l' Iliuht. 

file imilii'si I’emains which have been Lfuerally releircil 
t" lards are in the foi-ni of I'oolprints (liy. oSo) inpu'essed 
'ip'ai certain sandstones in llu* valh'V of the Connecticut 
"^'*1' in the Cnited Slates. These sandstones an* almost ccr- 
'aiiil\ Triassic ; and if the ornithic characti'i* of tlu'st' loot- 
I'l'iiits he adiuitli'd, then birds date th(‘ir existenci* from the 
'eiiiiiicucimieiit of the Aleso/oic [ii'riod, and, for anythiiiL: avi* 
t(» the contrary, may liavi* existed durinu' the raheozoic 

V|.()(]i_ 
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The evideiiee as to tlie oniithie eliaracter of the foetpiiiit> 
in the American Trias is as follows: — 

Firslhj^ The tracks aj)i>ear to he certainly those of a hiju:] 
— that is to sav, of an animal which oftmi, if not always. 


Fi„'. F.'otpiiiil :,ii].i...Ma tM :i l!:ia Tim--:.' Smii.M..!!- - nia 



walk<'(l upon two h-ys. No li\ iny animals walk' liala'l iiallv 
upon two leys except Man and Ilirds, and ihci'ctdiv iluac h 
a iiriiiiii J'finr pivsiimiaion that the authors of these piiiih 
weiY' hirds. 

S^roinlhf, The improsioiis are niosl ly ( ridaetyloiis llial is 
to say, lornieil hy an animal with three toes on (-ach foePie 
is tlie east' in many Mhiders and most t'uisoi-ial ilinis. 

77tt/v/h/, d'he inipivssioiis of tin.: toes sh'»w the saiiia nil- 
nita'ieal pittyrt.-ssion in the niimher of t»halanyes as exists in 
li\ iiiy hird.',- * that is to sav, tin* innermost of the anti'i'icf 
toes has thive phalaiiyes, the mithlle one has four, and tlw 
outermost ttie has li\'e phalanyes. 

lakiny this exiilenee ctdleetivtdy, it wouhl have seeiiicT 
till lati'ly, tolei’ahly certain that thesi' impi'essions were 
loi’iiied hy Hirds. In spite, howt'Ver, of tlie yeneial lesene 
lilance of these footprints to thosi' of Hirds, the halaine e( 
e\iden(:e at the picseiit moment is in ta\oui’ ol the vie'\\ 
tliat they are, in yreat jiart, ami perhaps wholly, lh(‘ work 
ol Jlcjihhs, Some of the three-toed footprints have heeii 
shown to he accompanied with the recoynisahle traces of the 
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itnpressioMS of a much .sniMller anterior ]>air (it feet. Otliers 
111' the iin|iressions are loiir-toed, and must e(‘rlainly liave 
hirnied hy Ih‘}itiles; wliile the. hones of I )(‘inosaurs 
liavc jirtuidly heoii found in the same hcds. IhittiuLf tliese 
I'licts to.L^vllier witli lie* strong' ])roi)ahi]ity (hat (lie Dihno- 
saiii's in some eases temiioraiily or iienimnmitly ado])ted a 
liipcilal mode of jii'oyression, it stauiis toleralily eerlaiii that 
most of tlu; footprints of tin* ( .'oniu.'etieut Tia'as weiv jiro- 
(laccd hv Ih'ptilcs, though tlieiv still remains tin* possihilily 
that some are ornithie. 

The siz(* and othor eharaeteis of the ahov(‘-nientioned im- 
jiicssioiis \ary much, and they have certainly hecn piodiiecd 
tv scM'i'al dilh‘rent animals. In the largest hitherto discov- 
lavd, each footprint is twenty-two inches long, and twelve 
niches wide, showing that the feet W(Te four times as large 
as tlios(‘ of the African Ostrich, dhe animal, therefore, 
which pi'iMlucial thes(‘ imjirt'ssions — whether Avian or Kep- 
lilian must ha\'e heen of gigantic size. 

The lii'st unmistakahh* reniidns of a hird have lu'cn found 
ill the Solenhofeii Slates of llavaria, of the age of the hp]U'r 
noliti'S. A single uni(|U(* siu'cimen, consisting of hones and 
leathers, hut unfortnnately without the. skull, is all that has 
hitherto heen discoverecl ; and it has ln'en named the Air/nni- 
y'/' iiiacrth'if. A si'cond sjieciimMi found ipiite recently 
has iidt Vet lu'en descrihiMl. Tlu‘ characters ol this singular 
ini'l alKnaaiit hird, which alone constitutes tlu' order Sn ti rtira:, 
will h(‘ short Iv gi\fn. and need not he repiMtial here. 

In the (h'thaccous rocks, not only do w(‘ lind the lannains 
" 1 ' I’.irds of the typ(' now existing, hut we meet with the 
''Xtraordinarv “TootluMl llirds ” (fA/e/^/o//n//e.s), which seem 
J*'’t to ha\c sur\ i\ (m1 this period, and wlmdi will he spokiui 
'd ill greater detail later on. Lastly, almost all the existing 
"I'llers of Lii'ds are repr(*st'iit(‘d hy the tinu' wi' reach the 
middle of the Ten'tiarv ]>(U’iod, and the distriluUion and char- 
'I' tcrs ()[ the more imjiortant fossil forms will be treated ot 
III discussing the stiveral orders in ipiestion. 
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CHAPTER XXXVI I. 

()i;i)i:i;s (U- liiiMis. 

Tiik cliiss J/v.v may bo (livi<l(*(l inio tlio r<»llii\viny Ibiii' suli- 
olasM's : — 

I. bATrr.K- Sit-nium lal’t-liki*, willaml a jtromiiinii karl 
(bv the attaolmioiit of ilic yivat ])oi'l(>ral miisclos. The baibs 
of IIk' foatliors Hot illiitcb b\- (he bai'biilfs. Tlii-^ siili-cla- 
oomyi'iscs 11 h* siijulo ordri' of the t '///•.so/v x or Ibiiiiiiiio lliids. 
Siicli as tile Osti-jcli, Kiiioii, (assowai'V, b'o., all of wliiVli aiv 
(lostitiito of llio jtowor of lliylit. 

II. (.'.viilNAT i:.— -Til,, siornum fnniislioi} with a 

]no(|iaii I'idyo or kiad, lo widfdi the miis(d(‘s of lliylit aiv nl- 
tadicd. Ill tin's sHli-(dass ai'o comiirisod llio exist iiiy oidns 
ol tin* filial '>!’> ■'<, (r Si'll /I SI I/'t / /I si'ssii/'i's^ all'l 
Jiiijilni'is, in all of wldcli tlio itowcr ol' lliylil is noriiiallv 
liioiv or loss de\(do|)rd. 

III. SAi'i.'OKNiTHK.s. The caudal v<*rt.cbia‘ nniiierons : iIh- 
tail lon;j;(‘r than the body, and not termiiiatetl by a {doiiuli' 
.share-bone. The nietacai‘i>als not amdiyloscfl. This siih- 
class inoliidcs only the sinylc oj’dcr Smi/'in'if', eoinprisiny onl\ 
the siiiyh' .Iiirassic, biial, th(^ ji /'i'liii'nftlii-//.i' uiki'/'/i rn. 

< tDo.NTniixiTKKS. — lilw.s fiimislieii with true teetli, 
sunk in distinct sockids or in a continuous oj-oove. Winy^ 
well dov(do))cd or rudimentaiy. 'I'his sub-idass compi'is'’'^ 
the two extinct orders of the Oi/o/ifn/iu'iiiir and Oiioiifolrn, 
both of which an; contined to the (’ndaccous j»eriod. 

In the followino are given the characters of the orders ol 



KATIT.E. 


lli(‘ J)iids, will) tlio principiil fossil forms and .ideological 
range <*!' eaieli, so i'ar as known:— 

Si H rLAss 1. — IJATim;. 

OiiiiKi; ( 'ri:s< )r!ES. — The first oi-dor of llirds is that of tlu' 
()!• Itunnei-s, comprising tin* ()stricli(*s, Rlmas, (.'as- 
sdwaiii's, limens, and the singular Ai>frrii.r of Xew Zealaml. 
TIi( 5 t V/’. so/v.s- are characterisi'd hy ///c rixJ i iiintla rif rond if imi 
Ilf Ijir v'hii'li (frr so slon'f os to hr i/srfrss fnr flofJif^ oml 

hi/ fill' noil jinisof i/i(f Iriojf/i and stniofth of fhr /rr/s. In :ie- 
cDi'daiici' witli this condition of tla^ lindts, many of tlie hones 
retain their marrow, and f/ir sfmntm (fig. r»8t>) is drstifidi nf 
till' /o’loiinir/d riih/r or frrf to ii'hirh fhr ifrrot jirrfnroi iiiiisrlrs 
nn idlorhi'd (heiic(‘ th(‘ n;inie of Joddo , ap])li(‘d Ity Huxley 
tu the order). In tin* Ostrich, the jnilnc hones of the ])(‘]\is 
unite to thrill a .yvmjihysis jmhis, as they do in no other 
hiid ; and in all, the ])elvic arch ]»ossesses nnnsiial sti-eiigth 
ainl stahilit\'. Tlir in/s orr r.rfrruiih/ rofo/sf and jimi'i rj of 
II ml /hr hiiid-foi’ is ndirr/if ii‘oidiiiij, (.nr jit m fjo Aiifrril.r^ iii 

irhlrh it is I'liiliiiindor/i. Tln^ anterior toes are two or tlirei- 
in iiiiiiihei', and an' providecl with strong hlnnl claws or 
nails. Thr />! n iiioiji' jirrsrids fhr n mo rJodilc firrid io rit /j (hot 
thr hn rhs nf t hr frofhri's, insfrod nfhriio/ rmno rfrd to loir oii- 
iillnr hjf hnnjo'd hoi'lodi’s^ ((s is iisioflhf fhr rosi\ o rv /‘rmiifr and 
ifsrniiihrfrd from onr onothrr, jorsmtimj somr rrsrmhJo nn: fo 
hn ! rs. 

fill' ord(‘r (Uirsorrs may ht‘ divided into the two fimilii's 
el the St ridh mil ido' and tin' A />(i'ri/iio/o — (he tornii'r charai*- 
terised hy th(‘ ahsence of the hallux, and C(»m])rising the 
^^''tihdi. Idic'a, Mmeu, ami ( assowary, witli sio ei'al extinct 
lerins ; (]u. latter comprising only the Afitiriir' (tig. oStH of 
Zealand, and characti'rised hy the possession of a 
•udiiiieiitiiry hallux. 

As regards tin* distrihution of the Cursorrs in .s/ver, the 
living forms an^ restricted to ri'gions whicdi lie, wlndly or in 
,Uieat ]>art, to the south of the (‘([uator. Thus, the true 
Ihtrichcs {Sfridhio) are African; the. llheas an' South 
‘^Jiierican ; the Emeus are Australian ; the Cassowaries 
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tliiin alioiit six IVet in was of an ('V(mi inoro 

ous coiistnictioii — “ tli(^ IVainowork of tlie ska'lcloii liciiin- tlic 
most massive of any in tlie whole class of I’irds,” whilsi 
“the toe-hones almost rival those of tlu' l'ih'])hant ” fOwcii'i 
The le('t in l)innn}ix were furnished with three tiu's, mul 
aril of inteivst as jin'sentine' ns with an undonhird iJinl lij,, 
enonyh to jtrodnee the largest of the; foot|iiints ot tlir 
Triassie Sandstom'S of ( 'oiiiu'etieut. New Zealand Ims imw 
keen so far exjdoivd, that it seems qnestionahle if it (';iii 
retain in its iveesses any liviny e.\afn}»le (d' Imt 

it is e('i'tain that s])eeies of this yemis wert' aliv(' (lining- the 
human period, and survived up to (jnite a recent dale. Xnt 
only an' tlni hones V(*ry numerous iu eertain loe:dilies, Imi 
llit'y an' found in llu' most, iveent and supei'fieial deposits, 
and they still (‘ontaiii a eonsidi'rahlc pro])ortiou of aiiiiiial 
mattei' ; whilst in some iustauec's hojies have heeii I'oiiiid 
with the feathe'i-s attached, oi- with the hornv skin of llir 
leps still adhering to tla'iii. ( ’liarred hones hasc hi't'ii found 
in eoun('eti(.n with native “ovens;” and the traditions of 
the iMaol'ics Contain eii'eiimsiant ial accounts of pieaiitic 
winyless Itirds, the “Moas,’ which wi'i'i; hunted hotli fot’ 
their fk-sh and tlu'ir jilnmape. 

In Madayasear, hones have heeii dis('ov('i'ed of aiiotliii' 
hiiye winyless I'ost -Ti'idiarv llinl, whi(di must luive he('ii as 
hiry(! as, oi’ laiya.'i' than, the DmoriuH (f'ujiDtfniH, and wliicli 
has he(;n deserihed under tin* name of .Kfh'onn's //e///;/oo, 
ith the hones hav(' been louiid eyys measnnny fnaii tldi' 
teen to lourttjen inches in diainetei*, and comjuited to Ini''' 
the eu]>aeity oj three, osti’icli - (*yys. iVt haast two otliur 
smaller sjaaeies ol uKjunruis have lu'cn d(‘S('rih(‘d hy (ii’andi- 
diei' and Milma-Kdwards as oceui-riny in iMadayasear ; and 
they consider the yenns to he so closelv alhd'd to the Ihimriii'^ 
ol Xdaw Zeahuid, as to prove that thi'se I'eyions, now so I’l'- 
nndc-, were at oin; time united hy land. Another point which 
would favour this view is the existema* in tlna I’ost-dertiarv 
of the, Masearem; Islands of a wiuyless bird (the AV/////re- 
nififliuH which A. Miliui-Kdwards consid('rs to he 

allied to tlna liviuy Ai>hrif.i' of New Zealand. The fornici 
C‘xist('Uc(i of ( ni’soi-ial birds in regions now iidial>ited h\ 
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iiiciiilicrs of tlui saiiio ordor is further excmjilifiiMl l)y llie 
()rciii'ivric(‘ of rc'iiiaiiis of ])ir(ls beloii^ino tu the Soiitli 
^\iii(‘iicaii ooiiiis Jlhnt ill tlie I‘ost-Tertiary cave-deposits of 
hiazil. 

I.asily, tlio rost-Tertiai'y de])osits of Australia liave yiehhsl 
dll' iviaains of an <‘xtinct Strutliious bird allied to tlie Kiiieii, 
^vliicli has been described uiuhu’ tlu; imiiu; of yV/-e///ev>/’// A. 

Srii-cLAss 1 1.-- -r.viaxATA;. 

()i;i)ia: I. Xatatokks (/V/yy^Z/^e^/es).- -The order of tlie 
A^/e/e/vw, or Swimmers, ('omj>ris(‘s a number of Ihi-ds which 
;iiv as niucli or (‘veii imtre at home in the water tliaii upon 
be' fnid. Ill aeeoi-daiice with their a([uatie habit of life, 
dll' have H IhkiI -hIki ihil hodif, iistKillif irilli n Uvixj 

iiii'li'. Thr h'ljs c/v shurf , n ml pltitiiJ In'hnul f]ii' ri at rf <>f i/i’n rif if 
"/ flir f/ns jiiDs// Ill/I rfifililiilif f/it'ij) ft) (u ! (nJ nl i /'(di/ if tfs 

(if fid' sdnii’ filin' Hull it jrin/crs fin: iinii y/pey/ d I'lj 
hniif ///e/V III' fiss Iiirf irurd mid s/iufj/liiif. In oU yvy.svs fill' fois 
Ih'i " irJIri/ Id' mil fid hi/ nU' lilhi'illli' to O i/i'iidi'l' Ol' A'.s'.s' I’.rfi III. 

Ill many instanei's llu* memliram' or web is sti'etched eoiii- 
jili'lely Irmn toe to ((»e, but. in othi'rs tlu' wel> is divided or 
■'^I'lil up b('(ween the toes, so that the toes are friny(‘d with 
nii'iiilii'anons borders, but the feet aiv only im]>erfeetl\' 

Tiiionyst the more ini]tortant families of the A"//e/ey'f.s 
uin)' !)(> enumerate! tlna I'en^uins [S/diiii i.'.i'idoi the Auks 
{Mndii'y tlii> (Julls and Terns {IjiriiJn), tlie Petrels [Ii'ociJ- 
l<ini/ir]^ the Pelicans ( Hrlicmi.ii.d)^ tlie (Armoraiits (Idndon'o- 
the (binnets (AV/e), the Ducks [Amdidn), the (leese 
( J/y-NV/'/y/re), and th(“ Swaiis (( [l/i/nidiry 

As mii^lit have l>een ex])(M‘ted, the remains of Natatorial 
hints arc', speakiiiy; (‘omparatively, not uncomnioii as fossils, 
hm earliest trace's of this onlcar in ])ast lime apju'ar in tlu' 

^ I' tari'ous series, which has yieldc'd in Piirotie the Ciiiin- 
fonnx (supt)osc'd to be* allic'd to tlu' Alliatross), and in North 
Anieric'a the pc'iiera Laonii.'i and H nwidai'iis, the' fornu'r rc'- 
i'ded to (Ik; Swans, while' the hitter has allinitic's with the' 
ii^iiiy (} I'oi'idini. In tlm Koceuie Tertiary we nu'c't with 
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viu'ioiis intovostiiii;' types of the NataforcH. Ariiono- [lies,. 
UaxfonuH is a hiiL;e and aluTraiit example ot tlie, Anxirinn 
witli some (Irnllatoi-ial allinities, and ap])roacliiiiL;- tlie (Jni'siurs 
in tlie laet that tlie wind's were rndinu'ntaiy, and tlu* iiowcr 
ol“ ili.^lil, thereloiv, wanliii.i^e The only known sjx'eies is llu- 
(r/(.Aiinits JArisiensis {)( the Paris I)asin. Thv. A n/il/n/nix A 
the Eoeem; Tertiary a[)pears to have heem an aneiiait ivjav- 
seiitative ol the Albatross {iJiouirtha c.ru/a/is), eoiisideiaJilv 
ex(‘eediii; 4 ' tlie li\ ine; s])(',eies in size. Aijiutjdn-n^, auaiii, is 
an Eocene hiril allied to the Elamiiyoo. IJiKhar tin's (ndcr 
also ])rol)al)ly conies the extraordinary fossil hii'd, recently 
described by 1‘rolessor Owen from the l.omlon ('lay (Enceiny 
of 8hep])ey under the name of ( l(l(nif(>pfrni,r In 

this siiiyiilar bird (liy foSH) the alveolar maiyins of hotli 
jaws are lurnished with tooth-like denticulations, which din'er 
Iroiii true teeth in being actually ])arts of the ossi-oiis sub- 
stance ol tlie jaw itS(*lf, with which tlnw are ('oiitimioiis. 

1 bey are ot triangnlar or coni|iress(‘d conical tbrm, and niv 
ol two sizi's, the. larg(*r ones ri'scmhling canines. Eioin the 
considdi'ation ol all the (hsco\(‘red remains of this biid, 
Ib'otessoi' Owen conclud(‘S [hut 'AA/o/i/oj>f<ri/,r was a warii]- 



Idoodod t'cathcred hipisl, witli wings; and further, that it wa.s 
web-ioob;d and a lish-i‘ater, and that in the catidiiiig of 
slijipcry pivy it was assisted by this Pterosiuii'oid ai'iiiatai'C 
ol its j;iA\s. l'])oii tb(! (hftm.foitfrt'i / 1 would apjieiir t<i 

be most nearly allied to the Aiwfi^hr, but tin; denticiilatioii 
ol its jaws is an (uitirely nniipie character. 

In the iMioeeiie. I ertiary arc; found tin; remains of various 
iNatatoj’i:d birds, among which imiy lie mentioned Elamiugocs, 
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hanlly si'i>anil)lc! iVom sju'caos, togetliov witli Pda- 

ijitriils, :m (ixtiiict ally of Ihi; 

Of [lie Pliociaio and iNKsi-Tartiary flu; onlyfonu 

i'tM[iiiriiig is tin; great extinct (huy/niornls of tlii^ i’ost- 

Tri'liary dejiosits of Xc.iw /ealaiid. The remains of this Ihrd 
indicate that it was an alx'rrant meinher of the Aiisyrlinr^ 
most nearly allied to the living (dirojtsd of Austi’alia,, hut 
ivseiubling th(‘ Pursorfs in the inassive eonstrnelioii of tlu‘ 
liiiul-linihs and tin; rudinunitary condition of the wings. 

UiMua; II. ( ! iiAi;LA'roin:s. — The birds comprised in tlu' order 
(if the, (f rifUn fores, or Waders, 1‘or the most ])art iVecpient tlie 
liniiks (if rivers and lak('s, or the shores of (*stiiaries, maishes, 
lagioiis, and shallow jxiols, thongh some of tla'iii kee]) almost 
exclusively to dry land, jii'eferring, howevei’, moist and damp 
situations. In aceordaiiee with their semi-aiiuatic, amphihi- 
(iiis hahits, tin; Waders are distinguished hy fhr ifirof hii(/fji 
I'J fill'll' li’i/s ; fjir iiicrrosi' in, Iniiff/i, firi/iff imd/i/if line fo fhe 
lieeiif donifiif ion (>f the to rso-inehitn rsns. The leijs are of so 
I'lijriifliereil from die foirer e/ief of (he fihio i/oiriuro rds. The 
I'X's ore I'loiiijiifei/ mul sfroiifhf, oml ore iierer eomjile/efif jiol- 
iiiofe, flinmih somd lines sem i-iKihnofe. There lire three (inferior 
(ill's, omf nsnollif n short hodire, tint the Intfer mini he v'lintinii. 
The wings an', huig, and the power of llight usually considi'i'- 
'hill'; hut tin*, tail is short, :uul the long legs an' stret(died 
aut heliind in llight to com})ensate for tlu' hi'evily of the tail. 
I'lie hody is genei’ully slender, and the neck and heak nsually 
ol CdUsiderahh' h'ligth. 

Amongst tlu' moi'e important ( Jrallat.orial Tinls are the 
kails (Pnftii/iif Water-hens fnillinnlir), fraiK's {(irni(he), 
llemiis f i riteiifiif St(jrks {(f iron nuv), Sni[>es (^Seofo^Hieiifie), 
^au(l|»ij)rrs fl'ri iii/iifir), (hirlews {Nnmeniiis), ITovers {(/horo- 
i(einfiif Ihistai’ds (Ofiihr). 

As ill tlu' ease of the Snfntores, the earliest traces ol the 
^^adiu-s a])]»ear to helong to tlu; (dn'taceous ]H'riod, and are 
htiiiid ill deposits of this age in the. North American area, 
llie lornis in ([lu'stion constitute the gi'iiera PahrotriiKjo luid 
^diniifurnis, the former hi'ing allied to the Saiidpitiers, while 
ku‘ latter is rather relati'd to the Ihiils. 

la the fiocene Ti'iliary various (Irallatorial birds have 



2G2 


OKDERS OK BIRDS. 


l)(‘('n (lotocteG, one of tlio. most voiiiJirktiblo being n ginTintj,. 
Kail [(!ffi>s(u‘uis) from tlio l*ai’is basin. Hcposits of ilic simn, 
age in Xoilb America liavc^ yielded tlie wading Jhiunn.s, 
In the i\Iiocene strata of Knroi>e are found Waders allied Id 
tlie living (lodwits and Stork's, constituting respectiveh die 
m'lu'ra Elorni^ and Jhid ipod m . T.astly, in the i’osl-Teitiai v 

deposits are Ibiind some interesting tyjies of (1 
which ]'e(piire notice, as they have tlie peenliarity tliiit llic 
wings were rndiminitary and nseh'ss for lliglit. ( >ne ol ihc 
most remarkable of these is the AplKuinph ray of the I’est- 
T(‘rtiai'y of the island of IManidtins, ;i large Indliiie liird, 
which was inea]iabh‘ of Hying. It was alli(‘(l to the li\iii^ 
Orjid roiii and sni'viv(Ml into the human peiiod. having 
been apparently exterminated at a (‘(mipai’ati\ ely late date, 
Kipially peeidiar are the Aplnrnls and Solurnix of New 
/(‘aland, both large birds, of Ihilline alliniti('s, but iiiiahle tn 
lly. The ibrnu.’r ol' ihi'se a|ipears to be really extinct ; hut 
tlu; latter, long l>eliev(‘d to be so, lias now bi-eii found living, 
and has b(‘en shown to be a gigantic and wingh'ss Cool. 

OiniKi; III. Ib\s(»i;i:s.-- -The third order of t'aiinale. biids 
is that, (d’ the Jdi.'^nrcx, oi’ Seratehers, oj’t(*n s]»oken of (‘olli'c- 
ti\'ely as thi! “ Callinaeeons ” bii'ds, l'r(mi lh(‘ old iiaiiie el 
“ Callime,” given to the order by Linna iis. The /i'e,se/v.s an.' 
(diaraeterisi'd by tJtr r(iiiri\i\ ruiilfiil iiiijur mu mhlih', hurnuj 
till' iios/mls jni'/'cril ni u 'tin iiih/'U /luus sjttu t' uf ifx husi’. Ihi' 
Host nh (in' cun'i'nl /g/ u cu A il((ffi /luifs sculr. Tak'ilig the 
liiiunt as the tvj)(! ol the order, tin* /eg.s urr sfnuuiund /eC/.s/, 
mustlifcuri i't'd ii'i/J( Jcuflu /'s us /u/‘ us fhe jtuid lnli''n ii (hi /(Ce 
uud tu I'stumAulu rsas, TIu Ti' u ('(' fotir furs^ f/n'i'i' ni Ji'mif 'n/d 
uiw lii'liiiid, f Ilf lufhr henuf sj/u/'f, uud jilucrd ul u hujlui’ /'o/ 
tluiii, I hr uthrr lues. AH (hr furs tmuniufr lU sfi'iuuj lAnil 
rluu's sudulifr for srrutrfnuif (( lull t uurri f or ill more slend(‘t 
(daws adapted for j>ei‘(diing {f^oluiidxuri). 

Tilt! order Ilusorrs is divid(*d into two snb-orders, typhi*''! 
resp(‘('tively by the Fowls and the Pigeons, and termed tla- 
(luHiuurn and < dfuudxurl. In tin* foinier are. included the 
Cronse and its allies (7V//v/o///V/(/'J ; the Partridges and 
(J^rdiridu) ; the IHieasants, Pea-fowl, d’ui'key, and I)omesti‘ 
Fowl (P/iftsiUHidu ) the Sambgrouse (/7eree/h/(() ; the bii.di 



CAlUxNAT.E. 


2G3 


Duails {Tiinuclfhc) ; the ^Mouiul-hirds {McrfnjHullihi) ; the 
Cuiussows (JJraruht'^ \ and tlie Tinaiiioiis (7'i/Hnnuhr). In 
the hitter arc conijaised tlie I‘igeons {Colit inhUJo)^ tlie 
(froiind-Jd^feons {dnu riihr)^ tlio Tree-I*iu,'euns {I'lrroaido), the 
Didiinnilido', and tlie enrions extinct raiiiily of tlie DUiuhr. 

As reifards tludr disfrdntf ion in tiinr, tlie earliest known 
traces of the liasoir.s are found in the Eocene Tertiary, Tn 
hrils of this au:e in France occurs the (Jallinaceous genus 
i'id(n)ii:if.r, a|)parently allied to the existing (flails in some 
respects, hut very dilfermit in others. 

Ill the j\lioeene jieriod occur the remains of both (Jalli- 
iiaceous and ( 'olumhaccous birds, one of the most noticeable 
of the foi'iner being a Turkey {Milunji'is (ad i(/ tuts) iVoin the 
.Miocene of Colorado. The Kuro])ean ]\liocene contains re- 
mains of I'heasants (Jdtosio/nr.'i)^ Partridges {JdlodjH rd d ), 
Sand-grouse, and Pigeons. TTie later Tmtiary and Pust- 
Tertiary deposits have also yiidded the bones of various 
hasorial liirds, the genus (ioUus ajipimriug for the first time 
in the Pliocene. The most intm-esting, however, of the 
extinct /iosorcs ari' the Dodo and the Scditaire, both of which 
have heeii exlmminated within the historical }>eriod. Of' these 
two singular binls, the Dodo [Hid ox i/n^ifus) formerly in- 
haliited the island of Mauritius in great numbers, but the 
last record of its <iccurr(uice dati's from the year 1(381. It 
was a huge and heavy bird (tig. oSlC, biggi'r than a swan, 
and entirely unliki' the Pigeons in general a]»pearam‘e. The 
wings weri' rudimentary and conijdetely usoless as organs (d 
flight. The legs were short and stout, the ieel had lour toes 
racli, and the tail was extrmiiely short, earrving. as well as 
the wings, a tuft of soft ]*lumes. The l)eak ^unlike that of 
any of the (dlimdxfrfi (‘.\ee]»t the little J^idunvidiis slroji- 
i'(idns) was strongly arched towards the end, and the u]'per 
^nandihle had a strongly -hooki'd a]>ex, not at all unlike that 
"f (I bird of jirey. The frontal region of the skull was 
gieatly idiwated and tumid, from the excessive develo]uueiit 
"f cidlular cavities hetwcim the two tables of the skull, and 
the actual lirain-case was very small in ])roportion to tlu* 
^i''v of the cranium. 

In many re.s])ccts allied to the Dodo, and, like it, incapable 
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other (listinclivo and oxclusive ])f‘ciiliarity exce])t tlie fact 
tliiit /tr/- ore pi'orulal vnih, Jnor toes, of v'ho'h, i\i'o (irr 
lui'iii't/ hf/rl'H'o ri/s <nul heo fortm r(l>i. OJ lltr fi''o lois irJncJi 
(iir tlii'cefcil liiufni'ii r(U, our is fhr IioJIiij: nr j^iroprr huKl-foc, 
oiiii (In' of lor fio' oiifn'inosf of fhr nomiol (hnr rrnfrfior tors. 
This airaiiyciiuMit of llu; trx's eiialdes tlio Sronsoros to cliiiih 
witli umisii:il facility. Tlii'.ir powers of lliylit, c»n llio otlier 
liiiial, art' u'ciKaally only moderate and helow tlie average. 

The most important iamilies of the Aronsons an; tlie 
(’iiek<»os {( Uo'ol itl(f')^ the A\'^ood])eekers and Wi'V - maiks 
(]'lri>/(r \ tlie Parrots {rsilforulo), the Toucans {liho m phos- 
liilo\ tlu* Tro' 4 ons { 'froifo/iiifir)^ the ]>arhets (iJio't'oiiijIjrf and 
the Pliinlain-eaters ( Musoji/oofo/ff ). 

Tlie niiiLte of the Sro/isoros in fiim’ does not a]']H'ar to he 
exteiisiv(‘, tie- ('aiiiest known representative of the order heiiiy 
IVoiii the lower Tertiary. 'PIk* Poeeiie heils of \\"yitmiii;_t have 
vieldetl the I'muains of a Whxxlpeeki'r ( ^ tiifoniis), and Parrots, 
1T( i'j,i Ills, ( iiekoos, and A\ oodpeckers ai’e known (o haw* li\a.‘d 
iliiriiiy the lati'i' Tertiary and Post -Tertiary ]iei'iods. I he 
.Miocene h(‘ds of l*'ranei' ha\e yielded remains ot Troyons 
mill Pairots, with foians related to the Plantain - I'aters 
(dVr/ve'/z /s), and others either n'ferahle to the Woodjieckers 

(/'/c//,s' ())• allied to thes(‘ ( lloiDofojfios). 

(M.'ina; \k 1 nskssokks. The liflh order of (arinati* Pirds 
is tliat ol’ tin* / usi ssoi'is^ or IV'rchers — oltoii spoken ol as the 
/'c.ssr/v s', or “ Passerine’’ Pirds. d'hey are deliiied hy ()weii 
:ls follows: /,ii/s slrih/i'/', short, f/n'"' fo>s htjo/'i' otof o/ir 

till’ fim r.ifiritiil fins I'liitril hi/ ii rrn/ short no'nihro io\ 

'1 he Iiisissorrs torm the laryi'st order ot existine; lards. 
<‘'aii|)risiiiy all the ordinarv “ sony-hirds, ’ and ineliidiny a 
:4i'‘‘at niimht'r of families, d'he earliest known remains of 
Insessorial birds ajijx'ar in the. Jeocem* dV'rtiary. dims in 
tile Lower Loeem* Slates of (Paris, wt* have the l^rotorms 
f'forisir/isis, apparently allieil to the Larks; the Iftih'i/or/i is 
fo/iiii>iriis i)\' the London (day may he an <dd ri']a'es('ntative 
"1 the Kinyiislu'rs ; the Pppm* Loei'iie (^r/i/itorms seems to 
l’i‘ allied to the Hoi*nhills ; and tlu* Lo u ni/o niio and Pofoo- 
Hitholifs of the saiiu* formation are pi'culiar Passt>iim' (y})es. 
I'l the Miocene d’ertiarv we haw* CTxiws {C(>rrns), Maylails 
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and Slirikos [LiniKx), with foniis allied to tlic 
Kdil)U>-ih‘st Swifts and to tlin Ifoo|H)(‘s (th,. 

oxtinct Ll/ll /iKfonns). Tlic (isjirjy lx Ha t)f tlio Tciliarv 
of (.’olorado — i-innarkahh* for its Ixaiiitifnl state of jni'siava- 
tion — appears to he a Fineli. f.astly, the Insi-ssoiaid riaiiain^ 
of the late Tei'tiarv and I’osl-Tcrtiaiy deposits ])i'c‘S(‘nt iin 
I'eat nil's of sp(‘rial inteivst. 

\ I. ]h\i-To|;Ks [Ai'ti)iiii>rit]iir ). — All tlie nieinhcrs of 
tills oi'dor ari' eharaoteriscd hy the shape of Ih, hill, u-hich is 

"A/yiti;/, n/i'Cid, sl/u /■p-rdi/nl , a iid dui rp-pi)i ,d('(l , ijlcn (tnnnl 

iri/li it hitinil liM>th " (Owon;. TIu Xfiprr mo mUhh' is (he 

Iniiijtsl (liy. 111, ditil IS sf/'implp liiHihiil of fhi' tip, yy- 

ImhIiI is ni'jl mosi iihir ; fjn /ajs II rf rchosf, sliiirf, vitl, lli,;r 

furs III Jiuiif Kiol lull hihiiiil, uU uriiOil irifh Imiip rurrul, 
rriiiil.ril rliiirs i>r fiiluiis (liy. diM), A'; fhr irimjs un nuiliiliuilij 
piuiitril, mill ij I iui-s(ili / iihlc siir, mill fill jHijIif is iisiuifhi ivpiil 
Uiul pim'i'i'f III . 



I Ik* order Ilupfims is di\ ide(l into (he lw(» sections of the 
Aurt u I'liiil and Jhuriiiil llupfuns, coin|H'isiny riispectivi'ly the 
tornis which lly hy nipht ainl those which llv hy day. !•' 
f"ini<‘r are oidy the Owls, and in the hitter ai'»‘ the 
Hawks, I'alcons, hayh'S, an<l N’liltiires. 

As rcpai'ds the disirihiit ion of the, Jlupfiurs in fimo hoth 
the Itjiiiiial and X(»eiurnal si'ctions of tin* orden' secni to 
hav<.‘ heeii <lilfereiitiate(| in t.lie early Tertiary ])eriod ; the 
l(»riijer heiiiy, ivpivsejited hy the l/iflmrois rulfirriiiits ot the 
London ( lay, a relati\e of the American \hiltiires ((/oflo'i'- 
fiiloj, wliile the Jiiihn hpfosfnis of (he KoceJie of Wyoliiili.i; 1 “^ 
an example ot the latter. In the Mnro[)ean IMiocene 



SAUllOll^lTHKS. 


2G7 


iiiCM-t witli Kites, Owls, 8(K:n;tary-l»ir(ls, and several 

(\\tinet ty])es (such as raUnHnras and Of the 

t’(,st-Teiti;iry liOplons tlie most interestini^ is the llnqHt- 
of 7s ew Zealand, a colossal bird of prey which was a 
(oiiteiiiporary of the ]\Ioas. 


Srr,-('LAss 111. — SAUianiNiTiiES. 

OiiDKU 1. SAi’uriei:. — This ordei’ iiu-lndes only the (‘xtinct 
l)ir(l, the A/rli(rui,/,r//.r nuirrcra (li*!;. 51)1), a sin;^le specinien 
(,(' \vhieh — and that hut a I'raiiinentary oneO — has l)een dis- 
revc'i'ed in the Litho^ra)>hie Slates of Suleiihofen (1 p])er 
Oolites). Tliis (‘Xtraordinary bird appears to have- been 
aliout IIS big as a book ; but it differs from (ill known binls 
ill having two free claws belonging to the wing, and in 



liaving (( loiiii I in( n/-I Hit' /ml, /tiutft /' thmt //e hoHii, (ux^ cimi- 
/iiisc(/ of st'ptf rrrftJu'(f\ Tin /tn/ eves' Ht ,sf if I'/t' of ((i>/f 
l>l(iin/l(,sJii(/'i-l)o)ir, mill itfch vir/th/Ut cm'i'Ki/ <( sin’ilt jxm of 
'li>i//s. Till iiif’f((i’i( rpid lioiirx, a/so, i/r/r mtcliiflxstil (otft'/lxi' 
tlicif mu’ ill (Hi othii' Ji’iiiiif'ii lnrHs, lumiff m' ('x/nxi, mx/ ti'x 
e/ (he Hiyi/s lipjn'm' to horc In i n unijnx iHiHc. 

‘ A sccdiul, and .seciniiif'ly inmn ^]H'cinK-u of A rcJix "i>X i ii-' leis 

‘■•■o'ntly teen ,li.soov*Mvd in tin- SoU*nhoa-n SlaUvs, but no dLvstiiption ul tins 
)i;is as yet lu'i'li imbli.slicd. 
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The sul)-cla.‘=?.s Sttdror/ufhrs iiicliulcs only the siiiyl(! ()r(](>| 
>See/ /ovr, of wliieh no other rejn'esciitativi* is known tlian tlic 
Juiassie A/Ylarnpfrrifr. I'roin the ])resenee of i'eatlu'is it 
may he inferred tliat Airlunpfcrjix was hof-lilooded, and (Ink 
(■hararter, taken alony with the striieture of tlu' e'ctremiii,-., 
IS snttieieiit to jnstifv tlie refenniee of tliis ind^tiie fossil [., 
the Hinls. In the lony li/aial-like tail, eoni))osed of miiiiei'- 
oiis tree vintelnn', each of which hears a ]*air of taiMVaitlins 
in tlie tact that tlie metaea.r}ials were not aiiclivlosed t< feet her 
and in tlie ])ossession of two fre(> claw(‘d diyits to tlie niaiiiis, 
Arr!nn,pfrrff.r difli*rs from all other known birds, liviny o, 
extinct. Tliere is also some reason to believe that tla* javs 
wi're fiirnislK'd with teeth sunk in distinct sockets. 


Sri'.-CLASS IV. ( )|H)XToi;xiTi|i.;s, 

thvDr.K 1 . t ) 1 )OXTc)L(.’j:.- -I his or<h‘r has bi;en foiiiulcil liv 
Vai'sli lor the rocc|.tmii ,, 1 ' lli,- o\tr.'i..r(liiiary 
r'lp/hs, irom the ( ’retac(.*ous ivtcks of North America. lii 
this wondertiil fossil we have a yiyaiitic diviny-bird sonic- 
^vliat resmnbliny the true “ Divers ” <.r “ Loons’’ (rnh/,ih,s , 
I'lit havmy the jaws furnished with numerous conical iv- 
curvi'd Ar///, sunk in a dee]) continuous yroove fliy. l> 
and (/). 


'J'lie front of tlie u].|)er jaw do(>s not carry te.*th, aii.l \va- 
lii'obablv micased in a horny beak. The bnaist-boiie i> 
entirely destitute of a central ridye or keel, and the wiiic> 
fii-e Tiiiniite and (|uit(! rmlimmitary ; .so that Urspa-nrni^. 
uidike must have been wholly (h'piived of tlie 

jsnui ()t lliyht, in this resjtect aj»|ii'oaehiiiy the existiiic 
1 c.n.^uin.s. 1 la; tail consists ol .about tw(;l\e xaatelaa', el 
which the last three or f,„ir are amalyainated to ioriii a Hal 
tmminal mass, tliej'e Ijeiny at the same time clear indications 
that the tail was cajiable of up and down movement in a 
W'ltical jilaiie, tliis probably littiiiy it to seiwe as a swiniininy- 
Li'-'I'lle or rudder. Tin* vertebra- of the. cervical and .lorsal 


icyioris are ol the ordiiiaiy ornithic type. The leys were 
powerfully constructed, ami the fe.«t wen^ adaj.ted to assist 
the, bird in rapid motion throuyh the waiter. The known 
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icinaiiis of //r.s 7 >^'/v>/'///.s‘ rcf/fflis (ih^. 592) ])i'ov(‘ it to liavo V) 0 ('ti 
; i s\viiniiiin,L;' and divini^- liinl, nf largei* (liiiunisions than .any 
,,1' iIk' a([natic nunnhors of tlio da.s.s of Jh’i'ds witli wliicli we 
arc; ac([nainted at the ])reseiit day. It a])|)(‘ars to liavc; stood 




fidween live and six fetd hiyli, and its inalnlity to lly is fnlly 
'■oirnKaisatcd for hy the nnineroiis adaptations of its structure 
to a watery life. Its teetli ]irov(' it to lia\e Ikh'u earnivoi’ous 
ill its hahiis, and it ]>r()hahly liv('d u]»on lislies. Lrsforjns 
n'dssiiii's (if the American ('retac(‘ous is lu'arly related to 
II< ; and ihi* Kiiid ul the ( retact'oiis ot lii’itain 

is snp])(»sed 1)\' I’rof. Seeley to h(‘ jierhajts allied to the same 
'-^oinis, hut its jaws ai’e unknown. 

I'Voni the next ordi'r, the |u\‘sent is readily distinguished 
i'>' the fact that llic rt rhhnr nst nihlr fhosr oj inu iil Imuh, l/ir 
is irithniif (t hill, thf //-//e/.s’ art' nniuiuiita nj, dtiil (In' 
((./•(’ I m 1)1 d lit It] III ii (ii'dori' III fill' jd I'' didl uot iif Mjidi'dfi 

■^orlr/s. 

^hiiiKU n, OooNToi’ol.'M.K.- d'his ordi'i’ has heen tounded 
i'.V Marsh Ihr the r('(a‘[)tion of two remarkahle hirds, which 
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]i(' has iiaiiu'd Tchthijorni^ dixpar and Apufoniii^ rcUr^ liolli 
from tlio (h'etaccous rooks of North .Amorica. 

Ill Irlifh/foniis (li.^par, which may bo taken as tlie, type of 
the order, tlie teeth oD^, a) were sunk in (lisiiiKt 

sockets, and were “ small, (■omt)resse(l, and ])oint(‘d, and nil 



si/e, and the eyes planed well forward. Tin*- lower jaws arc 
loiiy and slender, and the rami wen; not closidy united al 
tin; syni]>hysis. . . wen; ai»parontly not 

encased in a horny sli(;ath. 
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'' Tlie soapiiLir arcli, iiiid llu; ])()iios of tlu' wiii;is and 
all conform closely to tlie trim ornitliic ty[u‘. Tim wiiiL^s 
were larye in })ro])ortioii to tlm l(‘^s, :ind the Inimerns had 
an exteiah'd radial crest. I'he inelacai'[)als were nnite<l, as 
ill oi'dinarv birds. Tin' lioiirs ol' the ]>osi(‘rior e.xtriniiitics 
resemble those of 8wininiin,e; bii-ds. The vertebra- (see tie. 
a*,) 2, c and r') were :dl biconcavi*, the concavities at (‘ach end 
of the centra IjeiiiL;' distinct and nearly alike. Wlietlu'r tlie 
tail w;is elongated cannot at present be detmanined ; l)iit the 
last V('rt(‘bra of the sacrum was unusnally larya*. 

‘•Till* liii'd was fully adult, and about as larye as a ]»iyeon. 
With the ex(!e])tion ol' the skull, tln^ boues do not a])])ear to 
have been pneumatic, tboiiyh most ol' them are hollow. The 
species was carnivontus, and pi-obably a<piatic.”- (Marsh.) 

AptifoniU ;»yre(‘s with Jchlhunrnix in most of the abovi* 
cliaraetei's, but tbe structun* of its jaws is not fully known. 
It follows from tbe almvi' that the oiahu’ ( hloitlnldniKi is 
cliaraeterisetl by tb<‘ jxissession of A is / 1 inf tufh sHnlr ni st'jn 
c/'c/c .soc/v/.s in. /hr jnn' mnl nnf in n cinil 1 nnnns //riuiri\ Jni tin 
ffU't Ijnif fill’ I'l I'f I’hi'ir n I'l' linnin’ii i't\ iiin^ Inf fli< jmssi'ssinn nf n 
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CHAPTER XXXVIII. 

MAMMALIA. 

CkXEIJAI. (/liAKACTKlJS OF THE MaM.MALIA. 

Tin; last and liiu'lu*sl class of the Vi' rich raid, tliat of tlie 
Mini iiid! id , iiiav la‘ sliortly deliiuMl as includinu’ l^ri'fiin'di, 
uninidU 1/1 irJidli si>i/it‘ pd r( or oHd‘/‘ dj ih>' I /i(r;ili /.s dJ- 
c'ln/s jii’ot'di/'/l d'li/i Idnrs nt si/t/h' li//H' of hjr i (i/iii fid' jldii/uj 
ii/'i' /ddi /‘Isjiid for d fdidfi'r or .dio/'fi'/’ it i/d', hif iHid/ir of o spr- 
I'iol ill! id - ff/r III iff: — srrn trd hi/ .^jirriof //Id inls- — ffir iiio iii iiid r// 
;ih//ii/.'<, Tlit's<‘ two characttos are <it tlieinsclves suilieient 
liidiidly to st*])aiatt‘ tlu^ Maniinals IVom all other classi's oi 
tile \^‘iti-l)va((‘ suh-kinydein. In addition, howioer, to tlu'sc 
two It'adiny yx'cidiarities, the ]\laininals exliihit the lollowiny 
"llier eharaeU'i’s of scarcely less iin|)ortanc(‘ : — 

1. The sknll articulates with the vi'rli'hral (‘oluniii by 
>>>i‘ans of a donble articulation, the occi|>i(al bom* earrviny 
two eoiidvlcs, in jilace of the siiiyle condyle ol the ]ve})tiles 
iiiid birds. 

'I. The lower jaw or inaudible cousi.'^ts ot two halves or 
I'Hiii, united antiTiorly by a syiuidiysis, but noi necessarily 
•nicliylosed ; but thi’si* are each coiu])osed ol a. sinyh' ]>iece, 
Histead of l)(hi|o complex and consisting ot siweral ]iieces. 

ill thi* Jteptihes and ilirds. Furtlu-r, the lower jaw al- 
^'iiys articulates directly with the snuainosal eleiinnit of the 
■"^i’^'dl, and is never united to an os (luadratum, as in the 
^Ollldiisliiu. 

file two hemispheres of tlu‘ cerebral mass, or brain 
VOL. TI. 
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pi’o])(‘r, are iniitcd toi^etlier l)y a iiion* or less extensively 
developed " eorpiis callosum” or eommissiire. 

4. The liearL consists- as in Ih’rds — of four cavities or 
cliaiuhers, two auricles and (wo ventricles. Tin' I'inht nml 
l(‘ft sides of the heart are comph-tely S(‘])arated fimu on^ 
anotlier, and tlii'n* is no coniinunication hetwc-en tin; ])iil- 
nionarv and systemic circulations. 

o. Tin* cavities of the thorax and ahdonieii are comjtloti'lv 
se])aratcd fmm one another hy a, muscular jjartition- the 
diaiiliraym or rnidrifti 

G. Tilt' res])iratory organs an* in tin* form of two hiiiys 
])laced in the thorax, hut none of the hronclii oiid in air- 
receplacles, distrihuted through the body, as in llirds. 

As regards tin; nsfniln>i/f of the Mammals, tin; IGllowiiiy 
points should In* noticed — 

\\ ith the exc(*))tion of the AVhales and holjihiiis (fV/nrro), 
and the OuLfoiiys and Manati'cs {Siniihf), tin* veilehral cdl- 
umii is di\isil)h* into tin* same renions as in man — nannhy, 
into a cervictd, dorsal, lumliai*, sacral, and ('aiidal or c<M'e\- 
_e,eal region (set* liy;^'. -ISij. In the, (^tiKni and Siri'nin llit* 
dorsal region ol the spiin* is lollowi'il hv a numher of vci'- 
tehra; which compose tin; hiinler extremity of the hody, hut 
which (ainiiot he separate(l into lumhai', sacral, and caudal 
Vertehra*. 

In spite of tin* ereat dilferenc(; which is ohsi'i vahh; in lliu 
Icnytli ot tin; neck in <lilf(;r(‘nt Maniiinds, the nunihiu' d 
V(;rtel)ra‘ in tin* cei’vical rcLticm is extiuordinaril v constant, 
heiiiy almost invaiiahly sevc'ii, as in man. In this ]‘es|icit 
then; is no dilfeivnce. lH*twe(*n tin* Whale and the (liratl'c. 

I he only exc(;ption.s to this law an* the Mannhis tmsi ruli^, 
one ot the Sea-cows, which lias usually six cervical vcitchric; 
one ot the two-toed Shjths, which has only six ; and tliu 
thn*e-toed Sloth (/Ave/yy^z/.s irl(l(ntt//iis), which is commonly 
re^ai(h;d as possessing niin;, though comj)et(;nt anatomists 
would r(;te]’ tin; ])osterior two of tln;se, to the dorsal nwion. 

1 he dorsal vcite.hra- an; mostly thirt(*en in numhc'i’, hut 
they vary troni ten to twenty- four. In j\ran then; ai'<^‘ 
tw<;lv(*, in om; ot tin; Armadillos only ten, and in the twe- 
toed Sloth the maximum is attained. Tin; lumbar vcrtchuc 
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:iR! usually six or seven in nninEer, rarely fewer lliaii four. 
Ill Man tlu-y are Jivii in nuinlier, and lliey an; reilueed to 
two ill the Iwo-toed Sloth, one of the Ant-eaters, and tlie 
Duck-mole. 

The first vertehra, or atlas, always lucars two articular 
riivities for the ]'('ce])tion oi‘ tlui two eondvles of the oeci- 
jiital lioiH', and llu! second vertehi-a, or axis, usuallv has 
;i]i “odontoid” ]U‘oe(‘Ss on which tin* head rotates. In 
lilt! true Whales, howevi'r, in which the. cervical vc-rtehra* 
;iic anchylosed toj^ether to a yrciiter or less extent. 
;iii(l the m‘ck is iininovalde, the odontoid process is also 
wanting. 

The nuinlau' of luinhar ami sacral vcilehra*, as we liao e seen, 
varies in dilfiu'enl Mammals; hut. ordinarily some of the ver- 
Irhi'a' are anchylose(l into a. sinyle horn*, and have tlu' iliac 
Ihiiics ahnttiny ayainst them, thus constitutiny the “ sacrum " 
el' human anatomists. In the ('(far, a and Sln/iin, in wliieh 
tilt' hind-limhs are wantiny, and tiie pelvis ritdinienlarv. 
there is no “ sacrum.” 

I he thoraci(‘ cavity or clu'st in Mammals is alwavs en- 
eldsiMl liy a series ol rihs, the niimlier etf which ^■al’ies witli 
that of the dorsal vertehra*. In nmst easi's (‘acli ril) articu- 
lates hy its head with the bodies ol' tiri/ vertebra*, and bv its 
t'lheivh* with the tr ansvi‘rs(' process of one of these V(‘rt{*bra‘ 
;lli(! lower om*). In tb(‘ Monof r> imtfd {>■.</., tin* Diick-inolek 
tile rihs articulate with the body of tin' vertebra onlv ; and 
111 the AVhales, tin' bindennost of the libs, or :dl of them, 
ai'ticulate with tin; transverse' ])rot*esses onlv, ami not with 
tile centra at all. 

lliere are usually no bony ])ieces unitiny the ribs with 
the sternum or breast-bom* in front, as in Itirds; but the 

(;;ill(., I “ sUii’iial ribs” of .l/v.s* are re[u*esented by the 
‘■‘’•'^fal cartilayes ” of the IMammals. In some (*as(‘s. how- 
‘‘^er, the, cartilayes of tlui ribs do bi'come ossifit'd and (*on- 
ditiite stermd i*il>s. Somc'tiim's, as in tin* Armadilhts, tln*r(‘ 

II joint between the vertebral rib jind costal cartilaye. 
Moiv rarely, as in the Moiiof/rinrs, an inti'rniediate ]>iece is 
"t'lih between the verti'bral and costal ]'ortions of the rib. 
*hily the anterior ribs reach the sternum, and thesi* are 
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called the true ” ribs ; the posterior ribs, which fall slioit 
of the breast-hone, bein_ij;’ known as the “ false ” I'ihs. 

The sternum or breast-hone (lii;'. oO j) is formed of sevciiil 
])i(‘(‘(‘S placed one l)ehind the other, hut usually .anclivloscd 
together to form a siiiylc^ home It is i)laced upon tlic ven- 
tral surface of the body, and is united with tin' vcrlelaal 



'■(•liHiiii hv tin* ribs and their cartilayes. It is yviici'ally ii 
lolly and iiai'row lioix*, hut in the it, is hroail. Il >" 

only ill some hnrrowiny animals fsuch as ihi* Moles) ami 
the true tlyiny Mannnals tthe lials), that the steriiiiin i" 
jaovided with any lidye or keel for the attaclmieiit of th'' 
jiertoral nniscles, ;is it is in Ihials. Tlie steriiiilii is jnim'- 
tivcly c()ni])0.',ed o| three pieces, an anterior piece or 
'iiniii, a middle jdece. or mrsoximi n m , and a postimioi' jiiei'c ei 
uijiliislt riiiiiii. Tlie )»ra'ste.rniini is the “ niaiinhriuni stcriii 
of hiiiiiaii anatomy, and is the [lortion of the. stei’iinni wliii'li 
lies 111 Iront of till* attachment of the siuanid pair ol rih.^. 
All the other lihs are connected with the niesostcriiani 
'I he xiiihufrnumi is the. “xiphoid cartilaye. ” of hum'"' 
anatomy, and it comiiionly i-eniains throuyhont life m""' 
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,,i' less uiiossilied. In tlu; Monotremes tlicre is a T-sli;i])e(l 
lioiie nl)(>vt‘. (»r ill IVitnt uf tlic j)ra‘s(.eriiuia, lint tliis is to lie 
iv^irded as ludoiiii'iiii;' to tlie slioiildcr-i^irdle, and as repro- 
tlio “ o])isl(‘rmnn” or “ intorcljiviclo. ” of tlio laqAilos. 
Tlu‘ iKirnial iiuinbor of liiidis in tlu; Mdininalia is four, 
rwu anterior and two ]»oste.rior ; and lienee they are often 
sjidkeii of as “ (piadrii]H‘ds,” tlioni^li all tlu* limbs are not 
iiiiiM'rsally jiresent, and other animals have four limbs as 
well. Tlie ant(‘rior limbs are not known to be wantiiiL;' in 
:iiiY i\lammal, l»nt the posterior limbs are absent in the 
i\liu‘C(i and Sn'nfin. 

As reLiards tlie strnetnre of tlu' anterior limb, tlu! child’ 
]i()iuts to be notieed coneern tbe means by which it is eon- 
iieeted witli the trunk. The scapula or shoulder-blade is 
never absent, and it is in tin* form of a broad Hat bone, 
aplilied to the outer as]>ect of the ribs, and much more de- 
V(‘leped than in the birds. The coraiadd bone, vvbich lorms 
Mil'll a, marked i’eature in tbe scajudar arch of vires, is fiisial 
with the scaimla, and oidy articulates with the sternum in 
tlie hiick-niole and Mchidna (d/e/adrry/m/e). In all other 
.Maiiiiiials the coracoid forms merely a ]>iocess of the sea pula, 
mid does not reach the top of tin* breast-boiu'. The collar- 
baies or clavicles never unite in any Arammal to form a 
" liirculum,” as in birds; but in the Monotremes they unite 
with an “interclavicle” placed in front of the sternum, 
llie (daviides, in ])oint of fact, are not jin^si'iit in a well- 
developed form in any Mammals exi'epl in tla^se which use 
tile anterior limbs in tliLi;ht, in diy:ninu, or in ju'ehension. The 
till' llool’ed (jtuailrujicds and some of the 

/a/e/z/d/d, have no clavdides. Most of the t Vz'///re/v/ and some 
Imdeiits ])ossess a clavicle, but this is imju'rfcct, and does 
iiet arliculate with thi' to]) of the sternum. The Insectivor- 
•’’I'S Mammals, many of the, llodents, the bats, and all the 
have (with man) a jierfeet clavicle articulatiuLt 
^'dh the anterior end of the sternum. 

Idle humerus, or loiii^ bone of the u])per arm {hrrnAiidu), 
never wantiipn', but is extremely short in the Whales, in 
which the anterior limbs are converted into swinimine;- 
I'mldles. 
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Ill tlio foro-ann of all Maininals llio ulna ami radius aiv 
ii'uoLi'Hisaldi', l)iit thoy aro nol iiocossarily distinct; and the 
radius, as luu’ny the hom* which mainly sii])|)orts tiu! liaud 
is the only one which is always well di'yadopi-d, (he idua 
heiny oftmi rndinientary. In tlie (Macra tin* nlna and radiu-; 
are amdiylosed toyetlu'r; and in most ()t‘ the llooli'd (yual- 
nijieds they an* ancliyhised towards tlieir distal cxtrcinitias, 
'fhe fon'-arm is succeialcd hy the* small ])()ncs which cdia- 
])<ist; the wrist or “ (‘ar[iiis.'’ 
d’hese are eiyht in inindicr in 
man, hut. vary in (lirtcivnt i\laiii- 
inals from live to (deveii. 

d'h(^ metacarpus in iMaii and 
ill im.ist Mainiiials consists ot 
live cylindi'ical lioiies, arliiadat- 
iny proximally with tin* (‘aipiis, 
and distally with the phala]iy‘< 
<»f the liiiym's. The most rc- 
markahh* modilieation (d’ tliis 
mti'iiia! stati' id’ thinys occiiis 
in the Jhiminaiits and in tin' 
Jlerse. In the h’lniiinants, in 
wlnddi tlie l‘(M»t is chd't. and 
consists of two perleci- tuc' 
only, there aiv two nietacaipal 
hones in the ('inhryo ; hut thi‘S(‘ 
are anehylosed toyethej' in I hr 
adult, and j'orm a sinyle nias< 
whi( h is known as the “ caiion- 
hoiie” (liy. .VJ,";, m). In thr 
Horse, in whi(di the loot con- 
sists of no more, than a sinyle 
diyit, tliei'c is only a. sinyle 
metacar])al hone, on eafdi side; of whi(di are t wo little honv 
sjunes -the so-e;dled “ splint-hoiuis which are attaclii'd 
supei'iorly to the eaijiiis. Thes(! are to lx; reyardeil as rndi- 
meiitai v iiietaeai'pals. In most of the other riiyidates tliciv 
are at h-ast thiee metacarpals, and in the i'dej'linnts there 
ai'e live. 
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Tlic normiil of is fiv(*, Imt they vary from 

one t(» live. The middle tiiiyer is tie*, hmyest and most per- 
sistent of tlie dibits of the fore-liiid); and in the Horse it 
is the only om* vdii(;li is left (lijj;. otlo, a). Tlie tliumh is 
very lre(pu*ntly al)sent. In tlie i!nminants tlu're are only 
two linym's whi(-h ari^ fnnetionally nsefnl, tluise carrying the 
hoofs. In many Hnminants, however, there are two rudi- 
jiu'iitary and fnnetionally useless diyits in addition. 

Normallv (‘aeh diyit has thriM* ])halanyes, exe(']>t the 
thiuiih, which has only two. In the Whales and l)ol])liins 
{Crf(nrit), m which tlu*. anterior limits form swimminy-paddles 
vt'i'V like tlctse of th(‘ frlt/Jii/osint and i'hs, tlu' 

plialaiiyns are con.sidiTahly increased in nnmhcr as tlupy are 
in thosi' Iteptiles. In all the ^Mammalia, loo, excvitt the 
(\iiirni,\[, is the rnh* that th(i terminal jthalanx in each digit 
slioidd cari'V a nail, claw, (tr hottf. 

Wliilst tlie anteriftr limhs are iievm- ahsmit in any iMam- 
nial, till' posti'rioi’ limhs arc' occasionally wholly wanting, a.s 
in the and Siriiiln. (lenerally speaking, howt.'Ver, 

till' jtostt'rior limhs are present, and the ]tol\'ic arch has much 
the same structure' as in man. The two halves (ti the pelvis 
— the ossa innominata — c(tnsis( each ot tlii'ec ])icccs in the 
ciiihi'yo (vi/,., the ilium, ischium, and pnhes). which ineet to 
torni the cnp-sha]i('d cavity known as the “ acetahulnm,” with 
wliich the head of the thigh-hone articulates. In the adult 
i^huiimal these thi’ee hones arc' anchylosod together, and the 
two ossa innominata uniti' in front hy means ol a sym]»hysis 
I'lihis, constituted c'ither hy a cartilaginous union (synchon- 
drosis), (iv hy merely ligamentous atlacdiment. In some ^lam- 
nials, however, such as tlu' Moh', and many of the Hats, the 
k'lhie hones remain disnniteil during lile. As a ruh'. also, 
the ossa innominata are lirmly united with the' vertehral 
^'"hiiiin. In the' (detac'c'ans, in which the hind-limhs are 
'^vaiitiiig, aiul there' is no sacrum, the' innominate hones are 
I'udiiiientary, and are not attaclu'd in any way to the sjiinc'. 

Till' only othc'r hoiic's which are ever connected with tlu' 
H'lvis are two small hones which arc' directc'd ujtwards from 
file hrim of thc^ pelvic c*avity in AIarsu|uals and Monotremes. 
flicsc are the so-ealhal “ inarsu])ial hones,” regarded gener- 
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ally avS not foriiiiiiu: ])arts of the skiiletoii propei-ly so callrd^ 
but as being ossilieatioiis oi the internal tendons ol i]j(. 
“external obli([ue ” inuscles of tiie abdomen (tig. bl)8). 

In those Mammals \vhieh possess liind-liiidjs, tlie iionnal 
eomposition of the member is ol tin; tollowing ]);ir(s: 1, A 
thigh-bone or femur ; 2. Two bones forming the sliank, :ni(i 
known as the tibia and tilada ; 3. A numbm’ ot siuiill ])oiu‘s 
constituting tlie aidvle or tarsus ; 4. The " root ” ol' tla; i'uol, 
mad(! 11}) of the “metatarsus;” 5 . Tlie phalanges of the toes 
(see tig. 483). 

Tlie thigh-bone or femur artieiilates with the jiidvis, iini- 
ally at a very o})en angle. In i\Ian it is distingiiislied hy 
being the longest bone ot tbe body, and by having the axis 
of its shaft nearly parallel to that of the vertebral (■oliiinii, 
In most iMammals the lemur is relatividy shorter, and llu‘ 
axis of its shaft deviates eonsiderably liom that ol tlic 
s[)ine, lieing sometimes at right angles, or even at an aeiite 
angle. 

Of the Itoiies of the leg |)ro])er the tibia c'iH'i'es|ionds to tlie 
i-adius in the fore-limb, as shown by its eaiiying tlie. tarsus; 
and tin* lilnila is the rejire.seiitativi* of the ulna. The aitiiai- 
lation between the tiliia and libiila on the om* hand, and the 
femur on the other, constitutes the “ knee-joint,” whieli is 
usually defended in fiont by tbe ‘'knee-])an” or |)atella, :i 
large sesamoid bone develojaal in the tendons ot the gri'iil 
extensor muscli's of the thigh. The jiatella is of small si/e 
in tin.; Caritirorii , but does not a]t|)eai' to be wanting in mi} 
exee])t tin; iMarsuj»ials. Jn many cases the tibia and lihiila 
ai'e anchylosed towards their distal extremitii'S. In thi! 
Jlor.se the lil)iila has much the same character as in binls, 
Ijeing a long sjdinl-like bone which only extends about hall- 
way down the tibia. In tin; h’uniinants the re\'erse ol this 
olitains, the U|)})er half of the libuhi being ab.seiit, and only 
the lower half {)reseiit. 

The tibia articulates witli the tarsus, consisting in Mini 
of seven bones, but varying in dilferent Mammals Ironi loin 
to nine. 

The I’oot consists normally of live toes conn(;cted with the 
tarsus by ]neans of live metatarsal bones, whieh closely n’' 
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tlu'. inetiicarpals. In the lliiiiiinaiits there are only 
two DU'tatarsjils, and tlnse are aneliylosed in the adult, and 
carry two toes. In the Horse there is only oin; coni])lete 
uicliitarsal siiptiortinn- a single toe. As a rule, the nund)er 
dl' diyils in tlu; hind-liinh or loot is the same as that in the 
rore-liiuh or hand; hut this is not always the case. 

The cranial hones are invarialdy connected with one an- 
olhcr hy sutures, and in no other examples than the Alono- 
trciai's ar(! tliese sutures obliterated in tlui adult. The 
occipital hone (airries two condyles lor articulation with 
llic lii'st C(‘rvical verti'hra. Tlie h.iwer jaw is coni]H)sed of 
two halves or rand, wldcli are distinct from one another in 
tlu* embryo, and nmy or may not he aneliylosed to<;etlier in 
llie adult. How(‘V(*i’ this may he, in no Atammal is tlie 
raiiius of llie lower jaw com]»osed of several pieces, as it is 
ill birds and Keptiles, nor does it articulati' with the sladl 
ly tla' iiitei'N’ention of an os (piadratum. On the otlu'r hand, 
cacli ramus of tlie lower jaw in the Alammals is com])osed 
ol' only a siipyle pieei', and articulates with tlie sijuamo.sal 
rlciiiciit of the skull, or. in other words, with the stjuamous 
liortioii of the temporal liom*. 

'/h/A are jiresmit in the -yreat niajoritv of iMammals ; hut 
lluw are only ])r(‘S(‘nt in tlu^ miihryoof the Whalebone Whales, 
mid are entiiady absent in the yenera Ech iiliu(, Man is, and 
Mijriiii'nijijiaija, In th(‘ l)uck-mole {Ormtlaa'ltifiahus) the 
teeth are hoiaiv. and the same was the cast' in tlu* i^xtinet 
Jill Ilf Ilia aiiionyst the Slrriila, In all other Mammals the 
teeth have their ordinarv structure oi' dentine, enamel, and 
‘Tusta ])etrosa, or cenmiit, these elements heiiiLt variously 
disposed in dilfermit casi's. In no Mammals are the teeth 
^vei- auchylos('d with the jaw, and in all the teeth are im- 
iTinted into distinct sockets or alveoli, whiidi, however, are 
^‘'ly inijierfect in some of the CVdacea. 

Many A[ammals have only a single set of Umth throuyh- 
liiVi, and these are termed hy Owen “ mono])hyodont.” 
most cases, howi^vm*, the lirst set of teeth- — called the 
milk ” or “decidiions” teeth — is replaced in the course ot 
k’nwth by a second set of “ ]>crmanent ” U'cth. Tlu* decidu- 
*»iis and iiermanent sets of teeth do not neces.sarily corresiiond 
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to 0110 nnotlior; hut no ■Mainiiial lias ovor iiurrc than tli(>s(i 
two sots. Tlio ]\I:niiiniil.s with two sots ot tooth aro oalh^d 
by Owoii “ (lijdiyndoiit.” 

In Man iuid in many othor ]\rannnals tlio tooth aio divis- 
iblo into four distinct j^Tonps, wliiidi dirtor IVoni ono aiiotlici' 
in jiositinn, ap}>oaranco, and 1 ‘uiiction ; and whicli arc' kiimvii 
rospootivoly as tin; nirlsdrs, cunimx, aiitl iikiIhi's 

(tiy. .odd), “Tlios(‘ tiH'th Avliicli aro iinplantod in tlio ])ia'- 
niaxillary honos, and in tho c(iiTi‘sp()ndin;4' part of the lower 
jaw, arc calhat ‘incisors,’ whati'vm’ ho (hoir sha]i(* or size, 
Th(‘ tooth in tlu' maxillary hono which is sitnatial at or iieiir 
to till' sntnro with tho jiraaiiaxillary, is tlu‘ ‘caiiiiio,’ as is 
also that ttM)th in tin* lower jaw wliii h, in opposing it, jtassi's 
in front nl its crown wlimi tho month is cdosiid. The ollu-r 
tooth ol tho iirst sid ai’ti tho ‘ dociduuus nndars;’ tho tooth 



which disjdace* and snecood them vortically aro the ‘imo' 
niolais;’ tho more postciaor tooth, which aro not displaooil 
hy voi'lical successors, aro tho ‘molars’ jirojiorly so (’allod 
(f )woii). The docidnoiis dontitiun, thoroforo, of a diphyi)(l"ih 
Mammal consists of only thi'oo kinds of toedh — incisitrs, 
caiiiiK's, and inohiis. 'J'ho incisor and ca.nino tooth ol th<‘ 
doci<lnous sot am replaced hy the tooth which hoar tlu^ saiiio 
names in tho, jiormanont sot. The docidnons “ imdars, ’’ ho^\' 
ovoj', are replaced hy the ]»ornianont “ jiraamdars,” :in<l 
“molars'’ of tho jiormaiiont .sot of toidli aro not ro])rcsoiil<d 
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ill tin; (leculuous sorios, only existing once, and not Leing 
replaced l>y sncc(‘Ssors. 

All these four kinds of teeth are not necessarily present in 
111! ^laninnds, iind, as will he alUn-wards seen, the eharaeters 
(it the teeth an; amongst the most irn]M)rtant ol the distinc- 
tions hy which the Alammalian onhas are separated finm 
one another. The variations which exist in the mimhei- ol 
teelh in dift'erent iMamnials ar(‘. usually expressc'd hy a 
“dental formula,” which presents the “dentition” ol Loth 
jaws in a condeiisc'd and easily-recognised form. 

According to ( )wen, tin' ty]»ieal ])ermanent dentition of a 
di])Iivodont Alammal would he expressed hy the tollowing 
liirmnla ■ 



1 — 1 4 - 4 

r. ; /ml ; III 

1 _ 1 4—4 



Till* four kinds of teeth an' indieat(*d in such a lormula h\ 
the letters — incisors /, canines i\ ]n‘amiolars /mi, molars m. 
The numhers in tin' u])])er lim* indicate the t(H*tli in the 
upper jaw, those in the lower line stand tor those in tlu‘ 
lower jaw ; and the numher of ter'tli (m each side (d the jaw 
is indieatial hy tlu^ short dashes lu'tween the tigures. 

As regards their ga'iicral iJ ist t'lfuit um in 1 iiii>', as a matlei 
of eoiirsi', the I’cmains of IMammals are scanty, and oeeup\ 
hut a, small s]>ac(‘ in the gcologieid la'cord ; since tin* gr('at(*r 
iniudx'i* of the MuiiiukiI m an* t(‘ri'i'strial, and the gu'atei 
iiunilier of the stratified fossililerous <le])osits are marine. 
The i\ramnials, too, are tin* most highly organised ol the en- 
tire suh-kingdoiu ol the ] ; and theri'tore, in oho- 

•heiicH* to the well-known law ol sueei'ssioii, they ought t(» 
oiake their ap]>earance u]>on tlu' glohe at a lat(*r [x riod than 
ioiy ol the lower classes ol the I i'i'f» hi'tifn . Such, in point 
fact, is to a great extent the case ; and if tin* geological 
I'l'cord were perlect, the law would douhtless he carrii'd out 
h> its full (extent. 

it is in the u|)])er ])ortion ol the Iriassic rocks that to 
imt long after the conimencemeut of the jMeso/.oie or 
Secondary ejioch — that Alammals for the lirst tinu* make 
tiieii- appearance ; three or four species being now known in 
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a zoiu* of rocks wliicli are placed at tlie siinnnit of Hk' Tiia.s 
just wliL-rc this fonnatioii Itcuins to pass into the hias. The 
earliest of ihest'- the oldest known of all tlu; Maiinuals - 
appi'ars at the np])er ])art of the Upper Trias (Keujter) aiid 
also at its very siiniinit (d’enarth lu*ds), and lias been dv- 
scribed under tlie iianie of dfirralrstiK an/itjinfs. The nearest 
ally of Mirmlis/iM anionyst existing ^lammals wonld si'em to 
l>e the Marsupial and insi*etivorons JIi/r/iK'nilni/s^ or llaiKkil 
Ant -eater, of Australia. As only the tialh, however, of 
Mirrulisfts ]iav(* hith(‘rto been diseovered, it is iiiijiossible 
to decide positively whether this priiiuwal iVIatiiiiial was 
i\rarsnpial oi' Placental. In the North Anuaicaii aiva, also, 
the lirst traces ot Maiiinials i^Ih'oiuKlIti rtn m) apjaair in the 
d’rias. 

'fhe next traces of Maiiiinals occur in the Stoiiesfield Slate 
(Lowin' (.)idite>y and here four species, all of small si/i', are 
known to oeeiir. Most of these were Marsupial, but it is pos- 
sible that otii' was Placental. They form the eniiera -1////'///- 
A s/o.s, Aiiijtlutlit rtiiiii, ri n III Sh rrni/iifith iis. Alter 

the Stoiieslield Slate another interval succeeds, in which ii" 
Mammalian remains have hitherto been found ; but in tlie 
tresh-water tormatioii of the Middle Pinbeck, at the tep, 
naiiiidy, ol the ()(ditic series, as inan\ as fourteen small 
Mammals have been discovereil. 'I'hese constitute the eenera 
rhujifi nhi.r^ Ajinlufttllii rm m , Ti noiKuliiii^ and (i(il(sf(:<, Ihe 
1 ppei' durassic ol North Anii'riea has also vielded a small 
Otiossum. Another yaji then follows, no Mammal haviifi; 
hitherto been discovered in any jioi'tion of the ('retaceiius 
series (with doubtful exeejit ions). 

Leaving the Meso/oic and entering njion the Kainezeic 
{((‘I'iod, remains ol Mammals are never absimt from any el 
the yeolopical loriuations. Fi'oni the l»ase of the Mecciic 
rocks lip to the pu'eseiit day remains of Mammals eoiiiinenly 
occur constantly increasim^ in numhm' and importance, till 
we arrivi* ;it th': hiuna now in existeiu'e n]»on the elubic 

It should be noticed, further, that there are many points 
in which it can be deinonstratiHl that the earlier d'ertiai} 
Mammals were ol a more j.;(;neralised tyjie than those now 
existin;^, and in particular uroiips a viay well marked ]»ro- 
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(frt'ssivo specialisation can In; traced as w(‘ a|)[»n)n(']i the pres- 
dit day. Thus tlui Kocene jManiiiialia very coninionly pos- 
sessed the full ty]>ical nunil.)er of twenty-two teeth in each 
of the jaws, and these teotli were more, unifonu in size, less 
(■(iiis]ueiiously din'erentiated into yrou))S, and more closely 
approximated to om^ anotlu'r than in most of the later loriiis. 
Jn the older forms, further, the molars W(‘i“e usually short- 
ci'owiK'd, :ind we can trace a janpressive leiipthening of tlu* 
cmwiis of these teeth, in the cours<‘ of time, this eonditiou- 
iiip' a preater capacity to resist attrition, and a conse([U{mt 
suitiihility in tlieir possessor lor a more pi'olonpi'd lite. Tn 
otlier cases, we can trace a prailual and ]>ropn‘ssive stuntinp 
or alioi'tioii of till' lat(‘ral dipits of tlu' typical live-toed limh, 
accoinpaiii(‘d 1 a' a correspondinply propressive (doiipalion and 
stiviiptheuinp of tlu‘ central and remaininp ilipits. Lastly, 
it call he shown that there has hceii in many instances a ]U'o- 
pressive, increasi' in the sizi‘ of the hrain. as wi* a]>]»roach tlie 
]iroscut dav. Most of the h.ocene Mammals, in whii'li tlio 
cvauiuiii is known, ])ossessed Lrains ol very small size in 
pmportioii to the hulk ol the l>ody ; and this dispro]>oi't ion 
gradually less(‘ns as w(‘ ]tass tlirouph the iMioceiie and Tli- 
crciK' to the hecent ]M‘riod. 

Ill tile followinp an* pivmi the cliaracters o! eacli order ol 
the }[(/ 111 iiHil ii/ , with the ranpe in time, and. so tar as known, 
tile more important, fossil f(.»rnis ol each. 1 he nuniher, how- 
ever, of known fossil IMammals is so preat.and in many cases 
they exhihit so iminv peculiai’ities and divcrpcnce> troin ex- 
istiiip forms, that nothinp niori' can 1 h‘ atteni]>ted hen* than 
fe pivi^ a hrief and peiieral sketch of tlu* paheontolopieal 
liistoiy ,,f i]u, class; attention heinp drawn, where it may 
■'^eem necessai’V, to (‘xtiiict types of sjiecial interest. 
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drdeus of mammalia. 

l\I(».\r)Tlli;MATA AM) M AJISI’ TI A LI A. 

Order 1. ^ToXotremata. — The first and lowc'st order of tin* 
Mum lint/ iti is that of tlie Mn/ntf n ntntn, coiiiainiiRR’ oidy Ovo 
uriii'i’a, l»olli Iteloiieiiia to Austialia, — nanudy, tlie 1 )n(‘k-iii()lL'.s 
{Orni//ior/iitiirIi(is) :ind tlie rorcupiin^ Ant-eaters (JoLiilmi). 

The order is distinguished hv tlni following ehariietcrs : 
Tin' I /i/f.sl I in' njii im iiih) a " f/nni-tfT ir/i.n-Ji, /vvYi/vs it/nt flu' 
jii'iitl iiff.'i nf Iht’ ii.rnnirij a ml ijt'in'i'titli't' e/y/e//.s‘, ii'liicli ilisrlnirur 
l/nmsi/ri'.s min n ii I'niitu ifnl fitntd — the eoiidition ot juirts 
InMii;;- very inneh the saiiit,^ as in IJirds. T/ir jniis nm fl/lnr 
mini/ Ilf (h'slijnfr nf Iri’lli ffieliidiia) nr tiri J ft r n (slntl n'llh Jon' 
Inn'll tj irliii'li in f its L'l'lh (( tniitln »iii yiielins). Thr iurlmul 

nri'li lins snmr Z/e//)/// hlril-lth' rini rnrfi'r.'^, flir mnsl t iii juniiiid <>l 
lln'!<i' In nnj flir i',rli /i.~inni nf llir inrinnnl hnurs In tin K/th rini' I'lrl 
nf lliv sh i'imm. An in/i rr/iirir/r lx (tl.'^n pnxi iil, Thr Jiiii"/ii> 
jiiisxisx /In i/in rxn junJ i/niirh, /ml flir pr/ri.x vs f n r n ixlinl n'lth ll<' 
sn-ialh il “ mn rxn jtml hnnrxf l/rmif sj/rrinl n.xsijlrnlnms nf fin' o/- 
li'niiil li’iiiin/i.x nj thr /'.rfir/inl nl/liijur jii uxi'lrx nf fin' iihifimni^'- 
Tin miiiimniri/ iflihn/x linrr nn 'Hii/j/lrx, nml flinr ilnrfx njn'i' 
i’ifln:r InJo a l. unl nf i nhif/i ninilnri/ pimrli, (ludiidna) or xinii>/fl 
nn, n jhit xii./'fnn: (Ornithorhyiiclnis). Thr yomii/ iirr ilrsfiOdc 
nj n jiliirrnln, nr, in, nflirr imri/s, 'no rn.xrnlirr rnnin'i’f nm 
rxf ll/ll ixlu'il hriirrni. flir fn fits inul fhr. wofhrr. Tlio feet hii\*“ 
live foes each, arinesl witli claws, and tlie males carry l"‘i' 
for.ated sjnirs on tlie. l)aek of tlie tarsus (attached to a supplc- 
nieiitary taisal hon<*j. 
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Tlio two living' j^’cnora (}niifhnrJif/nrh tis mid Erhuhia, wliieli 
aloiui conipnse tliis order, are excliisiv(‘ly coidiried to tlu' 
Australian province, and possi^ss some reinarkal)le ;[)ecnliaritics 
,)[' strnctnn'. Tlie most im- 
portant of tlies(\ as regards llie 
sloileton, concern the condition 
of the, pec'toral arcli. Tims tin*, 
coracoids ixuich tin; top oi“ the 
sU'riiuni, with wldcli tlupy artic- 
iiliit(‘ ; whih; there is a large 
T-sliap('d “ interchivicle,” or 
opisternnm ” (lig. 5d7, /), 

wliich sn])ports the clavicles. 

I'lie condition of tin; [)ect<iral 
arch thus nnninds oiui of that 
whicli obtains in the. llirds and 
iiiiiiiy of tlu! Ih'ptih's. 

I'ala ontologically, the inten'st 
of the Monotnnnes is chielly 
llicoretical ; sinci' the only fos- 
sil riuiiains rc'l’erahle to this 
Older that have hitherto hcen 
'lisrovercd, are those of a gigantic. Eclihlim, n-corded hy 
-Ur l\ r(Tft as occurring in the Tost - l\‘riiary d(‘[)osits ot 
■distralia, 

11. AIausitiaija. — The ord(‘r MarsnphihK forms 
^vith the tlu' division of the Xon - placental 

Uaiiiiiials. With th(‘. single i‘xc(‘ption of tlu' lamily Ihdd- 
^vhich is American, all the living Miirsn/Hiil iff Itelong 
h> the Melaiu'sian ]>rovince — (hat is to say, they all helong 
to Australia, Van Dicunen’s I.and, New (luinea, and some of 
the iieighhouring islands. 

I’he following are the characdvrs which distinguish the 
Older 

skull is (vmposal of (Uslknct crouiid Jxuics uuifal % 
(lud flirif (dl j)oss('ss tnic fcilJi ; u'/ukd llo' ((tiiik' <;/ flu 
Ifurcr jtiifi f,. ((hnnf.'i iuflcvfi'd. Tin' /xrlond uirli 

forui as in flic hiffhcr Mammals, and flic coracoid no 
foiu/rr reaches the anterior end of the sternum. All possess the 



)n. (li:llc lilis ; •/ , SIcniMl l it' 
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so-callfd “ marsupial ho)i('s'' attarhrd to (hr (iriiii of fJn- pclrk 
Thr rorpnii raJIosHm is vrrjf sntrdl, ond hos hern osserfid to ]„> 
absent. Thr jfounrf Marsupials are horn in a renj inijirrfni 
rondiflon, of rrri/ small size, and of a stoijr u'hrn. their ilvniop^ 
inrnf hos prormted to a renj hmitrd drtfrrr ojdi/. TIo ri- 
p/orenta or rasridar romrn unirat ion hrturrn the inolfirr nn,] 
frrtus, parturition takiiaj plorr hrforr anij nrrrssiti/ arlKr.^ f,,i’ 
surh an furra/a/r/nent. As the ifiamij are horn in surJi on im- 
prrfirt ntatr of d< rrlojoni lit , spread a rra lainnenl s are rr(inirol 
to srrurr their r.risfr/irr. II hi n horn, (hrij are therefore^ in i],f 
ifrraf inajoritif of rases, tea usferrrd taj thr mother to a jkrnliiir 
pourh formed taj a. foldiiuf of tin inteifoinent of the ohihinini. 
This poueh IS Irnnini as the “ ma rsu pi u m f and <iires the iionn 
to fill' order. II ithin the marsit piu m are rontainrd the nijplin 
vhirh are of i/r<ot le/affh. lluiiiu lor sdiiu' time iif'icr iJirii' 
liirl]) cxtivmcly and iinal»le to jH-rfin’ii) llu- ait of 

suction, the yoiiiiL;’ xvitliiii the pone]) are noiii'islicd invul- 
initarily, the niaiinnary yiaiids liciii'i 
]trovided witli special nniscli's •\vliirli 
I'oivc th(‘ milk into tin* inoullis of 
tlio yoiiny. At a later stnci* tlh.' 
yonn^ can suckle hy ihcir own ex- 
ertions, and ihoy leave the poiicli 
and return to it at will. In ;i I'cw 
I’ornis thei’e is ini cnniph'te 111:1101- 
pinin as above ileserihed; hut the 
struetnn* ol‘ the nipples is tin* siinn'. 
and tin* yminu’ an* cari’ied idieiit iy 
tin* inothei’, adhering to the li'iiytli) 
t(*ats. 

The so-called '' niarsnjiiid heino 
HIl!:. hlLSj donhtless serve to sii]'- 
port the niarsu])ial ]iouch and its 
^ ^ contaiin*d yonn;^', hut this cannot he 

ou. n. ^ ' their sole function, since tlney oceiii 

in the MoiiolreiiH's, in which th''“>'‘‘ 
is no ])ouch. lh(!y consist of two small hon(‘S, wliieh 

spriiu^ from the, hrim of the pelvis, and which an^ nicrel\ 
ossilications of the internal tendons of the “ external ohliqii'' 
muscles of the alidoTnen. 



riL% I'.IS. (Hic sjilc f,f II1C J,,.)- 
> "I I K.ili-.ilun, sliowiii;,; flic 
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Till! Mun^upinrid aro divided l»y Owen into tlie, two ])ii- 
iiiary groups of tlio Di lirotutlunl ur and I^ohijn'Dlodonl m , in 
iiccordaiiee with tlie condition of tlie. incisor teetli. In tlie 
Dipriitodont foians (li^. oDl), a) tliere are oidy two lower 
iin'isoi-s, canines are rndinientary or wliolly wanting; ; and 
the molars mostly have liroad ^rindin;^ ei-owns. The living: 
iiieiiihers of this pron]) — sneh as tlie Kan,it;aroos (Mdi-miitnl aln 
the Womhat ( Idnfxro/mn/fs)^ the Kanptaroo-rats iJf/fj)siiir/fhi n/'s), 
and the Phalanma's ('yV/eAo////s/hAr) are all herhivoioiis ; and 



'l>is is the ease with the ^^reat majorilv ol the lossil toinis, 
iIioiimIi Ih’ol'. ()wen is of opinion that some id the lattei' were 
''■'riiivovous in hahit. In tlie l*olv|>rotodoni Marsujuals— 
as the, livino llandicoots (Pmi/nchs), Opossums {Ihih/- 
the lianded Ant-i*ati'r [M iinih'vdhins\ the Ihisiiti/'i's, 
'^*id till! TIu//<f(’ui IIS — thei’e are always more than two lowei 
incisors (liw-. dhO, B and c), the canines are more oi’ le^s ex- 
pensively develo])ed, ami the molars are either eus].idate or 
inive si'ctoriid erowns. All the memliers of this sect ion aie 
'‘^^ciitially carnivorous. fe(‘din;4 u])on insects or u|ton the 
VOI.. |[. T 
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siiuiller vert(!ltnito Miiiinals ; and the same liolds good ol' all 
the fossil forms. 

As regards tlieir distriltiition in tiiiK', the Mu rsn junim 
])i‘ohahly eonslitiite (he oldest of the Maiiimaliaii oidcis 
Owing, howev('r, to (Ik*, dctaeln'd and IVagmentarv (‘ondiiidu 
of almost all Mammalian remains — consisting in maiiv cases 
of the I’amiis of tin* lowt'r j‘:iw, or of separate tiadli — it is 
not possible to state this with absolute certainty. Tlic 
oldest known European Mammal is tlie .Ifevo/r.s/cs dutiijUi':, 
(lig. tid'd) of lh(‘ r])|»ei- Trias, only ;i few toelh of wliii li 
have been as yot dotected. The eai'li(‘st liori/on on wliiih 
d//r/'oA'.s7c,s' occurs is in a “ hone-h(‘d ” in llio Kciipi'r nt 
A\ lirtemherg : hut it has :dso hccii detected in the lii' 4 ln r 
“ hliadic " beds. iTof. Owen believes that the ////y/.s//e'///y/- 
iiojisis ol Ml' Iloyd hawkins. IV(»m the Itluetic mails nl 
Soiiiorsotshiri', is also rcicrahle to M Irrofts/rs. Opoii ilic 
wlcdc. it is most jindtahh* that M irrohsh s was Marsiijiial ; 
and it a|)])('ars to he most ncai'ly I'elatml to tlit' little iiisn- 
livoroiis M iii'nircnhlii^i or Ihuided Ant-eater of New Soiitli 
M’^ales (fig. (iOO). 



I' i;;. CiOO, — M jinnrriil/i ii,< Jh;<i iiitn 


Xeai’ly allii-d (o M tr/'olrsfr.'i is ji small Mammal, a haver 
jaw of which has liecii obtained IVom the Ti'ias of Neith 
Amei'ica, and wliich has been described uinlei’ th(‘ name "I 
hfriuiii .si/l rrsi re. This little, animal (lig. tidl) ‘'h' 

Iiears also to hi* Mai-.supial, and to he most nearly rehiti’h 
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to Mjinii(rnl)iii>^. raniiis of tlH‘ lower jaw coiitaiiis 

“ trii small molars in a coiitinuons series, one canine, ami 



I'l '.i'iOl, \,n\\^‘v \n\\ n'l hi’iiiKilli'-iiiiiu I'lU-J. a, Mi 'lar ti) >1 li nf 

Trii^, Xiiitli C.'inilitiii. (.\I'I>t Knniiniis.) ntiiin ih.’il^imChmI ; 

/i.Cniwni.rtlii's.iirM-, iii.i-nilii'il 
still I'mi Imt. 1 rias, (icriiiaiiy . 


tliive eonieal incisors — the latter heinn dividcMl by sliort 
iiit('i'v;ils ” (I )wim). 

The lu'xt Mammalil'erons horizon jdtove the 'I’rias is the 
Simieslield Slati* in Ihi* Lower Ooliltcs ; ami there is no donlit 
lliiit soim*, it not all, of the Mammalian remains ol this Ite- 
Idiiy to small i\rarsn]>ials. Four genera of small Mammals 
arc known from this horizon -viz., A m 
i/o//, II III , and Afi’i'i'i>;/iifif}iiix. In .iiiifiliiflK'i'iinn 

(tiy. (lo;’.) till' molars art' cus|iidatt*, and the animal was 
tldiiht h'ss inst'ct ivorons. It 
is hclieved hv ( LveH Itt be 
Marsiipiul. and to be most 
iii'iiiiv rt'lalt'd to Mifrnir- 
A III fill Hi'sfrs ami 

l*litisi'n/iil lie I ■Inin (lie,'. ()Dl . ri.L,'. I'lO:!. |{;uillis (|| tlic loWif j.tW Ilf ,1 /;(!-///■ 

1 , ,, , , I , III. , -iinil (rinil,<,..IIl, I'n rn. In, Si om'-tii 1' i 

\) ai'c also believt'd by 
hi'‘ same hieh authoiaty 

I" have been inst'ct ivtti'ous Marsiijtials, ami the latttU' is 
te lintl its nearest living ally in tlu' Ojuissums 
"1 Aiiiei'ica. Last lv, tlu' noifiiiif/inx tif the Stoiu'slield 
'^latc is ill a diibituis |)t)sitit)n. It may havt' bet'ii Mai- 
^'’1'''>1 ; but, uptui tlu' whttle, Frol'. Owen is inclint'il to 
that it was ])hicenlal, Imtifed. ami herbivtirous. 
^Vith tilt' tteeurrt'nee t»f small Marsuj)ials in Fnelaml 
"ithiii tbt' Oolit ic |H'rit)tl, it. is intt'resline tt) imtict' Imw the 
hniiia, ttf that, tiint^ a])|H't)ach('d in other rt'speels tt) that now 
’"'''>''i(ine Australia. At tlu' ])rt'st'nt <lay, Australia is al- 
iiiiist, whttlly tt'iiantt'il bv Marsupials; upttn its lantl-sui'lace 
tloiifish A m Ill'll I'lir ami ( ’yeadact'tuis ])lauts, anti in its st'as 




OUDMKS OF MAMMAl.lA. 


swims the INn'l'-lacksoii Sliark {(\'sl ravion nn7li>i)i)-^ whilst 
the Molluscan u:mnis Trinon'uf is nowadays (‘xclusi vdv ((in-, 
liiR'd to tli(‘ Austi'alian coasts. In IdiLilaml at the tiiiK- ni 
tlu' deposition oi“ tlie Stoiii'slield Slate*, we must Inivi* hud n 
tanna and lloi'a very eiosely resemldiny wdiat we now s(M' in 
Aiisti’alia. Tin* small i\lai'su[»ials Aniplilflnrunu and Phus- 
I'lilol h<' nn III j)i‘oV(‘ tlia.t the Mammals we'ia* tin* saiiK* in (irdci ' 
eoiK's (d‘ Araneai'ian pines, with lr(*('-t'ei‘ns and IVoiids of 
( 'yeads, oeeiii' tlii'oiiyhont tin* (tolitie seiah's ; sjiine-hearimi 
lishes, like* tin* Port--l aekson Shark, ai’e ahnndanlly nyiv- 
seiited hy yt*n(*ra sindi as Afruilu^ ami S/ rniiliiii/ifK ; and 
lastly, line y(*nns Tri;/nii i/i , now (>\elnsively Anstmlinii, is 
i'i*pre'sented in tin* Sloiieslield Slate* hy sp(‘(d(‘s wlnddi dilln 
little* iVean tlietse now e*\istiny. 

Anothe*!* sinyiilar ])oinl of ivsemhlaiiee* is (‘stnldislnMl hv 
the* oeenrre*ne-e* in the- idvers of (die’eiisland (d' the " h:iir;i- 
mninla,’ which is re*fe*rre*(l to tin* m'nns ( V/'/ifm/iis—w eciiiis 
which, thonyh j)re*-e*mine‘ntly Triassie, nevertln-h'ss exiiaidcd 
its I'anye* inte) tin* durassie period. 

'Fowards the* (dose; ed’ tin* ()(ditie pe'iiod, in tin* Middli* 
I’ni'heck henls, we* have* e.‘\idein ee of a liniideei' of small .Miiiii- 
mals, all of which are* prohahiv i‘(*terahl(* to the MursiijiinHii. 
;ilid all ot whiedi, e*.\e*e*pt IPfifiidi/ti.i, are* I’ohpniteilelil. 
t'oiirte'cii spe*eie*s ai’e* kiiown, all eif small si/e, the laiyot 
heiiiiL^ no hinyei' than a, |»ole*e-at or he*dm*hoy. dhe yini'i"’ 
to which these* littlee ejnaelrnpe*(ls lia\'e* lie*e*n re'te'l'le'd iin' 
Plntj III iilii.i\ SiKiliinifln riii III, 'I’l'irniiinlon , and ( /iili'sfi’s. I ht“ 

lirsL eif the'se*. — vi/., /7iii/ln ii/u.r ( CiOd and hOd) — is hc- 
li(;ved to he* iiiost iieaidv allie*el tee the* liviny Kanyai'ito-iats 
’ Ifi/jiHiiiriftii n iisj i)f Australia; aiiel it is In'Id hy ynoel autlmi'- 
ities) to have; heeii jdiytoplianenis, as are* its liviny re*lative'S, 
Pi'ol. Owen, oil tin* other lianel, h(*lie*ves that /Vn///e/dee.' was 
(‘arnivoreeus. d’ln; cliie*!’ leatnre in the*, eleiititioii of /Ven/eo/A" 
is (onml in tin; fae*t that tin* pra*nnilars are; marke*el eii 
the* (;xte*rie)r ed' tln;ir e*re)\vns with se‘V(*n eamspie-imns yroeves 
(tiy. hOo, A ainl i:), wliie‘li e;ntir(*ly re;se*nihle; the yreeeeve-s in 
tin* larye; lirst |)ra‘molar of the; liviny J/i/fisIjirifiiuiif'^, <‘>^''(‘pf 
that the*y are; (liayonal ainl not vertii’.al in elire*e‘tion. 
h)We*r incisors have an iipwarel emrvatnre*, whie’h is i>e)t the 
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cHso wiili tin*, ordinary J )i|>rotodoiit ^larsiijuals ; and the 
molars are very niinilar in tyiHi t<) tliose of M irmJr^fvx. 
The reniidnin,!'- three j^enera of the Pnrlieek beds — viz., 
^^IKtlnrotlirriiiiii , Trironoihw (li;.;'. hUd, 2), and (loh'sfrH a])- 



Tll', A, iJijhl .'I Imu. i Ow ..f min. .- .li,i;issir. rlil.ir-i-l f'":! 

'Ii-iiiicli IS ; IS, Tliiiil /.V. /, /. • m' . li\.' :iliO :i li.ilf tiiii.’s, all I 

>lii'Hiii- 111,' iliji-mi.il -iomm s ,.ii the .At.-ric.r .'f til. ( ruwn. (.Vt't. i I'wcn.) 


to ]ia\(' ht'eii e(‘rtainlv insect ixortai.'^, and lind llieir 
iii'iii'cst liviny alli(‘s in the Australian rhalanyto's and the 
AiiK'rican ( Ijtossnnis. 

In tlie ISorth Ann'riean anm. the earlic'st known rt'inains 
"f Marsnpials have luani ohtained hy Professoi- Marsh Iroin 
i'oils ol I ]»j)('r dnrassie a^e. These indieatt* tin* existence ol 
'I small Opossum [Dn/oh'shs ln'Iiuiiiinij; to the hiinily 

"t the 1 j)Ji anti thus ol special interi'st as showing 
diat this ])(‘cnliarly Aim*rican ty]M‘ was dilhn’i'ntiati'd at a 
halt' So coiiipai’ati vid V earlv, within llu* saint* oeoyraiihical 
'’'^■"n as that in which it now occurs. 

I'oiiiiiiM- jo (]„. 'PtM-tiarv dc]H)sits, wt' find that lev 

traces of this ordt'r havt* been as yet discovt'ri'd. In tlu' 
Knceiit* dh'rtiary ttf the Paris hasin, wt* meet with triu* ( )pos- 
^^>nis {l)Hlvlphl,hr), ch)st'ly restmihliin^^ (he existin- Animican 
d't'eies of tlionyh the distinct pvnus IVnilhrmim 
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li!is 1)0011 (‘oust i( uI«m 1 lor tlioir |■(‘(*oj)tioll, on iiooouiil of souk. 
subordiiiato ])oouli:iril ios in llioir doiitit ion. S(‘Voial vory 
similar rorins liavo boon dosoribod I'rom tliii iMiooono; Imt 
no nndonblod .Marsupials have* bomi as yot doli'olod in (Ik, 
I 'liooono d(‘posits. 

In tho l‘ost-T(‘rliarv jK*riod, on llio otlior band, tlio onl,.!' 
of tlio Mu rsu iniil is rcprosoiiUMl by soiiii*. viiry r(‘ni;iik;il)lo 
forms. Tli(‘ mosi importanl of tbo o'inains in (luostion 
lioon toiind in llio Ixmo-i'avos of Australia — the coiiiili'v in 
wliioli iMarsnjtials now abound abov(‘ (‘vorv oIIdm' jiarl ol' tlio 
ul"bo ; and iboy sliow llial Australia, at no distant yooldnicnl 
pcrioil, ])ossc,^.s(m 1 a. Marsn|)ial fauna, miu li roscndtliii;^ tlini 
wliich it has at |)rcs('nt, lint of lorms compiiiativoh nl' 
uiyaiitic siziy In llio ivniains from tbo Australian lunio- 
l avos, almost all tlio most oliaraotorist ii’ liv iny Marsupials of 
Australia and \'an hioinoii’s Land aro rojirc'sontod ; bill the 
oxtiiiol lorms ai’o usually of miioli lai’yi-r dinionsioiis. Tlio 
yroup of Mai'supials roprosonloil b\' tbo liviiiy 

Wombat M {fs } is roprosontod in tins wa\' b\' coii- 
Lio-norio lorliary lorms, wbiob must liaNa* ('([Ualboil tbo Tapir 
in sizo. This yoniis ('liy. (pHtj b(‘lon_Lts to tbo 1 tipioloiloiU 
di\'ision of the Marsupials, liut tbo incisors liavi* tbo pooiili- 
arity otlimaviso unknown in tin* oi'<lcr I bat tlioy yniu- 



I '.o.; Skull of Wniiil.iit, (.Ml- r Cicl.i l.) 


Irom pmsistont ]»idps, in lliis I'ospoot ri'.soinblinjjt tli<‘ incisoi's 
ol tlio L’odonts. (’aiiinos aro wholly wanting and tbo doiitiil 
I'orninia is 
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V ) f ; ; i‘i '1\ 

1 — 1 ()™ (I 1 4- 4 

A socoiul j^roup nf tlu*. I liprolodoiit ^Marsupials is 

iv]iivs('iit('(l at tla^ preseiit day by tlie rxisLinu; Kaiij^aroos 
(.l/ar/v/yu/s) and Kaii;j;ar(K) - rats {Ifiiimprijiiiiiiis). In tins 
iioii]) the liiiid-le^s are longer than the lore-legs; the lower 
incisors are nearly horizontal, and are rooted (lig. oDlJ, A, and 
tin. ( 107 ) ; and tlierc; are no eanines. 



Tli(‘ dental I'orinnla ot' the Ixangaroos is- • 

, o-o 1-1 l -4 

I ; c : />/;/ ; /// I’S. 

1 1 0- () II 14 

The living geinis is represented in the Post- 

leiliary digiosits ot‘ Australia, by sj'eeies in all essential 
>'esjie(-ls agreeing with the ri'eent I’orins but ot gigantic si/ia 
"ii(‘ species beiii'j; as large as the Phinoecuos, llu' X/Z/cac/'cs 
and Pt'dii //1 110(1(1/1 ol the same de]a»sits are related, on thi' 
"thei' hand, to the 'rree-kaiigaroos [I h /id /•iJoiios'. ot New 
baiiiea. Associated with tlu'se extinct types ot Kangaroos, 
Ae liave also i'e]U’es(‘ntatives of tlu' smaller Ivangaroo-rals 
■ ^^!/l>''^ipri///i /Ills and Idito/itfio). 

-A third gi’ou]> of I tiprotodonts is ri'prt'simted in the 1 osi- 
i'atiary ot Austmlia by tlu* <‘xtraordinary extinct' ty]»es 
^><l>r(il(/d(,/i and Xofofin rimii, which were vegetable-leeders, 
^'he the li\'ing Kangaroos, but pri'stml certain ]>ecnliai'itu’S ot 
own. In D/protodon (lig. b08) the two lower incisors 
round and tuskdikt*, and then' are six n])i>er incisors, ot 
'diirh the two nu'dian ones are ol large size, cnrNa'd, and 
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vcTV iH'iiiavkal)li‘ tyjH' (tf tlic ^larsupials ; and it must liavi' 
altaiuod a vnvv yi-uat si/i‘, since tlic Icnytli <'f tin* crown of 
the yivat ]ira*inolar is not less than two inclit'S and a (iinnlcr. 

dust as tin* livinu' Kann'aroos and Wdunlials of tlu' Aus- 
tralian ]ii‘oviiice lind ]*ost-Tci'tiarv represontativt's witliiii the 
same y(*oj 4 i'apliical i-cyioii. so also do W(“ lind that the I’olv- 
]ii'olodont Alarsiij)ials existed side hy side with the prcciMl- 
iny. Moreover, the Post-Teit iary I'olyjti'otodonts Ix'loin;’ In 
tvpes wliich slid (‘xist in Australia, and wldtdi an* ])('(’nliai 
to it. Tims the liviny bandicoots {l^nninlrs) have llinii' 
l'ost-T(‘rl iary representatives; and the ni(»re hiylily cariii- 
voi'ous and predatory Th;il<i(iiiiis and Ihis//i/rt)s of \'an 1 tic- 
men's r.and were pn‘cede<l hy closely allied idniis, wliicli 
laiiyed over the mainland of Australia. 

Treeisely ]»ai'allel plicnoiiK'iia ai'c ohserval'le in Xoi’tli and 
Soiitli America, all the liviinj; Marsujdals of which hcloin^ to 
th(‘ I’olyprolodont lamily <d’ the <tp(tssiinis ( /iilmlii ). 
Apart from the early appearance of this Mai'siijdal typ(‘ in 
I he previously-mentioned lh\//f>/is/is of iIk; North Amci'icaii 
diirassie, the I 'ost - 1 '1 io<*em‘ deposits of tin* same continent 
]ia\’c yi(*hh‘d hoiios actiiallv rcforahlc to tin* li\iny yeiiiis 
hiihljihiis. In South Amcrii*a, also, the Ttist-l’Iiocene cave- 
doposits of Ilraxil ha\'e \ieldcd \'arious species of the same 
'jeniis. These examples, then, afl'ord a veiy striking illiistia- 
tioii of tlie oeiieral law that the I’ost-Tei'tiaiv Mammals el 
:i yi\en country hehmy in a general wav to types of struetiii’e 
ivprcsented in the same reyioii at the present day hy loriiis 
oltcn ;aein‘rieally different. 
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• HI. l'’iir.NT.\'iA or Riiita.- -The lowc.'^t orilrr of llu' 
|il;i((‘!ital or iiKtiKMiolplious Miiiiiiiials is that oi llio KfL 
iil'uai known Uy tlio naiiio (►f Umlfi. 'i'hc iianu' EiLiitnla is 
fi'ilainlv not an al(o;A(‘tlit‘r a]>|tro|)riali' oiio, sinco it is only 
ill two ^cnora in llto onU-r that (lioiv am al>s(»liit(‘]y no ti'oth. 
Till! rcniainiiiu; nioinliors of tlio oi-ilor have loolli, Iml tlioso 
lire (it's/ if lift' of frnc itioiiid, ore /irn/' thspforitf foj a 

oi’ii/kI ,s,/_ (/iifi fiin'i' no (’(oiii>lrfi' roofs. J'ii/flo/\ in lootr of fh<' 
Hihn/o/ii on iforr on if inrtfion inrisorsjinif in onfif onr -sy^( r/r.s 
(no of fill' Arni(ofitfos]orrfiirr<'onifinrisorttitfiot off. Coniio 
^iiffi^ itrr ofinosf inroriofifii n’onfinii. ( 'fo r ofrs o t'r nsnoffif 

pi'i Si Ilf Alnif orr ohsi iif in llir Sro/if ylnf'('ofrr { .Moins] Aff fJo 
/<i(s 0 /■(’ j)/ /‘n isfird n'if/i ioiiif oiiif pioi'i rjnl rA//r,s. fn sfmi is 
A’/ni rorernf infii fioiiif pfofrs lo' horn if srofes. 

file order Edenhifo is eoiiviMiieiitly divides! into two jareat 
^is’tioiis, in accordance with tlie nature nt tlu' tood, tlu* one 
^*‘''lion keiiiLf ])li vloplia^ons, tlie other inse'ctivorons. In tlu* 
l*'>'iiU‘r see-tion is the siiiLjle living ;4ronp of tlu' Sh>ths [Jlroifi/- 
fiiidnfiry 1,1 ii,,. jn’e the two uronjts of the Armadillos 

^ f^<>s/p),„(i(io’f i\\\(\ tlie various sjn'eii's eil Ant-e‘aters (t he latle'r 
'■"'isl itnt iii;^' Owen's Lp*oup of the Julrnfiifo). 

1 he Ldentates, likt* tin* Mavsn]»ials, are singularly eircunc 
^‘I'ihiul at the ])n‘sent dav. Xo ineniher of the oi'dc'i' is 
‘•1 the jiresi'iit tinn* indim'iious in Knrope. 1 rojiieal Asia 



3 ()() 


OKDKIIS OF MAMMAIJA. 


and Africa have the Scaly Ant-eat('rH or ran^oliiis; im,] 
ill Africa occurs the Kihaitale Ljenns Orifrfiropffs. South 
America, liowever, is the metropolis of tlu' Ednilutd^ th,. 



i-’ij, I'.l" Skull (pI ji li\ iti.: SIi.iIi , /u /-///,,, , ) (Al'tiM (iii 1 m1.) 


order Ix.'ine; th(*r(‘ rejiresenled hy the .'^lotlis, t]i(“ Armadillos, 
and th(‘ tine Ant-eaters. It is also in South America that 
hy far the .eivatm- niimher of e.xtinct lkdcntat(‘s liavc Ikhui 
lonnd ; and, as in the laise ol tin* Australian i\Iarsii|)ials, tliu 
fossil forms are ^ei.naiitic in si/e as com])arcd with their liviini 
rejn'i'seiitatives. 

Tho ohh'st W(dhknown repivseiitat iv(‘ of the AVr///c/c is 
the Miirri)lli> rinm of the Miocene Tertiary of i-'rama'. This 
is a .^iyantiit Kdeiitate, intermediate in s(tnie ivspiats lx- 
twemi the I’anmiliirs and the .Aardwark (O/y/r/^’cycks). 

1 Ik'I'c does not apjxair to have keen any (haiiial armoiii', and 
tlie teeth are rootless and destituti* of eiiaimd. The toes 
were tiiriiishcd with immense claws, which W(‘re hciit in- 
wards n])oii the palms of the hands and soles of the IViT 
in eonseijiieiiec ol the llexion of tin* first ])halanu'('s ii])on 
the metacarjxds and metatarsals. The animal, tln'i'croic, 
doiilitlcss walkeil, like tlie existiiiir Aiit- eaters (/)////cn- 
n]x»ii till* outer sid(‘S of the feet. The hiiid-linihs 
were iinndi sliortei' than the lori^ - linihs, wdnhdi to soiiu' 
extent W'oiild sn]»poi-t tin; view that the animal was a 
climhcr ; hut its size. w()iild reinh'.r it nnlikidy that- the 

liahits of the Loomis were arhoreal. 

Another ancient ymniis of Kdentates is the A 
of M. (hiudry, Pha.lan;n-s, a])paren(ly nd'erahle to a spcci*'" 
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of Lliis Lijiiniis (. 1 . liiiv(; Itciiii found in do])osits wliicli 

l)t“li(‘V('d to 1)0 ol’ Kocoiio ^lon; tliorou^hly known, 

liowovor, is tlu^ Anr/floflu rlinu, Pi'afi'llci of the MiooeiKi ^ de- 
posits of I’ikenni in (Inu'ce. This sini^uhir fonii w;is of 
.q.siiitie dinunisions, ;ind tlie, struct iir(‘ of tin; feet was inucli 
the same as in MurroIJirri nut ; hut tlie liind-Iiinhs nefirly 
tMpKilled the fon'-liinhs in len,e:tli, :nid thi' animal must li;ive 
1,0011 LeiT(‘strial in its laihits. 

The forms already allude<l to are the only Edentates wliich 
have hitlimlo been discovered in tlu' lMiro])eaii area, and they 
iK'loii.y to tyfK's which cannot ht‘ paralleled precisely with 
any at ])ivsent in existence'. In the Western hemispliei'e 
tin' lirst tract's of ladentate.s dt'tt'cted up to this time date 
trom tiu' Miocene Tertiary. In hods of this aye on the 
I'acilie coast of North America, have heeii found tlie remains 
nf two sjn'cies of yiyantic Kdentates, wliicli have heeii rc'- 
forrt'd to tlie yt'nus .lAov/pes*. Anotlier species ol tlu' same 
y'liiis occurs in the I.ower Pliocene ot NA'hraska ; tiiid the 
'-vims itself is reyanh'd as tin' tyjn' of a peculiar lamily of 
hileiitates, to which the naim' of Mmoifoilhla has Ik-i'ii yiven. 
In the. Lower Pliocene of Idalio and (hdilornia there liavi' 
also heeii foiiml remains of another ('Xtinct yeiius — J/e/v- 
flirri II iif^ coinprisiny laryi' Ivdentates, which sei'iii to he early 
ivpre.st'iitat ives of the womlertul .Vnierican lamily ot tin* 

' t naviyrade ’ Sloths, to ht' spokt'ii ot immediately. 

It is, howi'vc'r, in the lati* Pliocene, and more ])articularly 
the Post-I’lioceiU', ileposits of the New Worhl that wo tind 
I'l'oofs of tIu' past existence of the most numerous and re- 
tiiarkahh' of the fossil Ednifxtn many of thcsi' In-iny reter- 
ahl(‘ 1(1 families now existiny in tlu' same area. 1 In' most 
iviiiarkahle of tin' extinct typt'S in (pu'-stioii hclony to tin' 
yreat yroiip of the “ ( Irouiid-sloths ” or “ ( iraviyradi' Kden- 
tah's, which have no direct rejU'esentatives at tlie ])r('sent 
'i'ly, thouyh they have many points of allinity to the liviny 
ymiip of tlu' Sloths (Ih-adjipoiUda) of South America. The 
latter are entiri'ly arhoreal in tlu'ir habits, and are not oid\ 
■ihapted for a. life of cliinhiny, hut are all comparatively small 

' til'' I’ikenni de^xKsils arc bclicvctl by sotiic pakcontolc^.^r-'t.s to be pioi-eil) 
'('Icialilr to till! I’lioccnt'. 
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miiiiials. Till* lV)i'inor, on oiIum* Inuid, tllou^ll in imm 
ivs|ii'(‘ts .siiuilni'ly (‘oiistnirtiMl, and lika'wisc' veyntahln-j'iM'dci 
wnrn of uioantic sizt*, and iiiiisl, have livi'd (‘Xidiisivnl v upo 
tlin ground, d'lu' most cnlidiratisl of tlicst' Ltioat ( 1 m rnimii 
is tin* i;'nnus Mi<fHl]irriinn, of wldcli JA (/nrifri (iiy, (il ij, 
tin* South American Pampas may lie taken as the ivp 
This s]>eeies eomjirised colossal Sloth -lik(‘ animals, whic 
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(,ns constnictioii, walkcMl, like tlie existing;- Aiil-oaters and 
Sloths, u])oii tlie outside. ed,!;e of the* fon‘-l(;('l, with tlie chiws 
inori'. or less Ijeiit inwards to’wards the palm of the hand. 
Till' skull is small, as is the l)raiu-(*ase pro))er ; and tie; zygoma 
has a stroiiLf (h'seamdine; ])i‘o(’ess, similar to that of the sanu* 
1,0110 in the true Sloths (liy. 11 10). As iu the ^ivait majority 
of the luleiitate onhu', ineisor and canine teeth are entirely 
wanting, the front of IIk* jaws heiii';' toothless. The jaws, 
lidwover, are fuiaiisluMl with live upper and four lower molar 
io(‘th oil ('aeh sid('. These yrindiiiLf teeth are li'om seven to 
oi'Jit iiiehes in lemtth, in the form of idur-sided prisms, the 
downs of whieli are, ]>rovidi‘d with wi'll-marked transverse 
iiil' 4 vs ; and they continue* to yrow dui ine: tin* whole lile of 
the animal. There are indieat ions that the snout was pro- 
l(iiiUod,and more or less Ilexihle ; and the tonyue was ])i’ol)- 
ahlv proheiisih'. h'rom the eharaelers of tJie molar teeth it 
is certain that the Me^atlH'ia* was puivly lierhivoious in its 
liahiis ; and from tin* <‘normous sizt* and weiirht ot tin* hody 
il is (‘(pially certain that it couhl not have imitat»‘d its 
Iiiedeiai allies, tin* Sloths, in the haat of elimhiny. hack dow ii- 
wanls, aiinniyst the trt*es. It is clear, tln'i'etore, that the 
Ma‘yathei'(* soiiyiit its sustenance u])on tin* yroinnl ; and it 
was oriyiiiallv sup]>osed to hav(* liv(*d upon roots. Hy a 
masterly piece of deductive* r(*asoniny, however, Trofessor 
Owen show(*d that this yivat “ ( Irouinl-sloth ” must have* 
lrill\' live'd U)»oU the* fediaye eif tr(*e‘S, like* the* e*\istiny Shitlis 
-hilt with this ditle*re*nee.*, that insteanl e>f e-liudiiny ameuiysi 
Hu* liraindn's. it ae*tually u])ret(*te*el tin* tree* heielily. lu this 
lour dr t'orcr, the animal sat upeen its huye* hauuche'S ami 
miyhty tail, as eeii a ti'i])eul, anel tin'll yraspiiiy the* trunk with 
its jioweTful arms, either wre*ncheel it up hv the* reiots eir 
''I'oke* it sheirt off above the yrouiul. Marve'lheus as this may 
^*‘cni, it can he shown that every detail in tin* ske'letou ot 
the ]\leyatliere accords with tlie sup])e>sitieui that it eahtaiiicd 
its f(i()d in [IPs way. Tlnuiyh principally Semth Amerie'an, 
til" yeuiis Mnftdhrrunn (*xteinled its ranye to Nearth America, 
iiiii^ '■outinent haviny yiehled the remains of a spe*cics closely 
allie'il te), or ahseiluti'ly idi’iitical with, M. ( urnri. 

i il" yenus Mtflodon connu ises larye Sloth-like animals, ot 
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which the best known is the Mifloilon rohiis/tis (ho-, ill-j). jn 
its size, Mjiliulnii raJmstuH was sinallei* tlian tin; Mi'ijiiflufiii 
hut it reached a length of eleven feet. In many i'cs|)(uis 
.\fifl(ni(nt is very lilo' Mr>iti(}trriii m , and tlui nuiiilicr of (li,. 
teeth is the same — viz., tiv(c u]»|ier and four lower iiKilars 
on each -^ide. The crowns of the molars, how<‘vci-, wei’c Hat, 
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instead of heino rido(*(l, and tlu^ anterior u)i]ter molars wdv 
sc})arat(;d Ity a ^ap from those heliind them. The foia-dctl 
arc, |)t'ntadactylous, and the j)osterior tetradactylous, the two 
external <liuils laniie; nailhcss. lake Mi ynlln ri inn , the yciiiis 
Milloihiii is known to hav(! ranged into Noith Aimnica. 

Sirhiloflirriinii is another South American L;enns, closely 
allie(i to Miiliii/iui, hut eonijirisiiey Idrms of smaller size mi'l 
less mas.sive c(»nstrnction, whih^ tln^ skull was elongated ii> 
shape, and other osteolooieal differene.es existed as well. 

Miifiiloiit/.> , aoaiii, comjjri.se.s hir;^n! Sloth-like, lohmtates li'"i‘i 
the To.st-I’lioeem* ol Xorih Ameiiea. It has the sanu', dent.d 
formula as Miifaflicnnni and Mi/lnilon, hut the crowns ol the 
molajs ai'e excavateil centrally aiul hav(^ a promim.ait niaryi''' 
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Avliile llio first inolur is lar^e, and separated from 

tliosi' lieliind it 1)y ;i Avide <;a]). The furediiiihs an; sliort(;r 
Ilian the liind-limOs, and the calcaneum is exeessively lon;.^'. 
Ill the Idioeem; or I*ost-l‘liocene d(‘|K)sits of Cuba oeenr the 
iviiiniiis ()1 tin; yenera. JAy/o/f/ry/z/s and MiiomorjiJniH, wliieh 
av(‘ nearly allied to J/ey/o/ey/y/,/-. 

The yreal Croiind-slolhs, of which tlie ])i*iiici])al tv]»es 
liave now betni briiOly ylniiced at, not only have no rejire- 
siaitalivcs at the ])n“seiit day, lint do not even ajipear, so 
far as eertainly known, to have survived into the earlier poi- 
tieii of the lleeinit ]H‘riod, lh(‘ir last ri'corded occurrence 
lieiiie in fin' hone-iaives of Ih'azil. On the other hand, it 
is ill Iho deposits of these caves that we lirst meet with 
reiiiaiiis ol tin' ('xistinp,' Sloths ( //y'ey/y/yyryJy’/A/'), wliieii make 
their ajtpearaiice here under various extinO ty]ies, such .as 
(^(i lnilnii and f f(‘/i<>f}h n h ni. 

1 lie li\iiiy tamilies ol the /hts/ijitiil nhr and 

both cliaractoristic of Sonth Ameriiai, wmar rejire- 
''lailiMl, similarly, liy nnmerons intei'est iiiy tyj'es whi(‘ii lloni- 
‘"h'h ill the same yeoerajihieal aroa duriny late riiociMie and 
I’list-I’lioeoiie times. Most of tlii'se t\])(‘S, tlionyli clearly 
re|iivs('iii;(t ivc ol tliosi' now existent, (littered Iroiii the lattiU' 
111 I'oiiits of ymiorie importance, wliih' many were of (‘oiu- 
I'lii'it ivt‘l y ojnjiiuie dimensions. Tims, side by sidi* with the 
Im.ue Meyatheroids which took the jilace of the existiny 
h''rhi\ ( ii’oiis Sloths. W(‘ tind tin' colossal D7y/y//odo/y.s, re]ir('- 
'einiiiy the lilth' laiiided and cnirassod Armadillos (/A/.sy/- 
of the Sonth Ami'rica of to-day, and, like tlu'se. 
'*'^'*lhed lor a carnivorons diet. Takiny (Ihijifodo/t itself 
f'l.‘!] as the tyjie of this siiiynlar yroup of extinct 
Aiiii;i(iill,)j- W(' ar(‘ pri'si'iiti'd with a larye lldeiitati*. the 
"1T‘‘'' sniiace of Avhich was protecl('d by an armour fmaned 
'h'l'inal ossilieations or scutes. Tlie In'ad is (‘overtal with 
'* ^'*‘liii(‘t, III bony ])lat('s, and tin* tail was enclosed in a eom- 
fh t(‘ cylindrical casiny similarlv composisl. 'flic trnnk- 
''^''i"ur is tornied of nearlv IncNayonal bony scnti's, torminy 
iiiassivi' dome, for tin* snpjxirt of whi('h tin' skt'hrton is 
T'''ially iiioditic'd. Thus the last ct'rvi(’al and lirst two 
”'^'•1 \crtohr;e are anchvlosi'd to form a siiiyh* hone 
II. ' I' 
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(" trivcrteln’nl Ixme” of Huxley), wliieli arliciilates l)v a 
]iio\altle liiiiLi'e-joiiit with tlu* reinaiiiiii;^ cloisal vcalclir;,- 
wliirli are likewise aiieliylosed Oa lunii ii kind of “ tiiiiii(,| 
nr ar{‘lu‘d l)ridne ot Ixuie. ’’ Tlu‘ last two hiinliar vericlira. 
are also I'usc'd with the saei-al and eaudal to toriii a i‘i)iitiii- 
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iinii'^ hniiv mass, whilst the ilia are of eimi'tiioiis si/e. Tii- 
like the li\iiiy Ariiiadillos, possessi’s no iiiovalilt* 

hands ill its aniioiir. the seiites which are eliaraeteristieally 

''eill|ilured ill the different species lieilie ill eoiilaet hv 

I heir ednvs, t lioiiyh not aiidivlnsed. 'I'lie aiii nial, I herefere, 
pnsse.ssed iin power of lolline itself Up for defi'iiee ayaiiist its 
iMieiilies. 

'riii'ie are iio eaiiiiie or incisor teetli in 07///7e7e//, Iml 
tlieic are eieht molars on each side of each Jaw, and tlir 

m'owns of these, (liu'. •114) 
are tinted and almost tii- 
lohed. 'Idle tiadli form ;• 
eoiitinnons sm'ii’s, I'acli heiiiy 
lolly, andieil, and d(‘(‘ply hir- 
rowe(l with two parallel 
yrooves on (‘aeh side : aiid 
all yrew IVom ja’i'iiiaiieiit 
^ h'ct are massi\-e. jiiid the nnynal phalaiiyes aie 
short, eempresseil, innl hoof-liki* — the, fori’-feet, heiiiy telra- 
daetylons, and tlu; hind-feet with tour or li\’e toes. Ih'' 
leiiyth (>1 ( H jipfotlini r/e/-/y>e,s (liy. II Id), IVom the tip "1 1^'*' 
snout to the end of the. tail, was more than nine feet. 

I he y<'nn-; Silt isloplm ra m eomprises yiyantie Armadillos 
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wliicli occur ill Soiilli Amorica aloiii>' Avitli ilhijihxhhi. Sdiisfo- 
lilniri'iii 1ci;t loii,^', including llu' tail ; and 

die (‘ara]iacc is tlircc j(‘et in ludgiit. 

No direct n‘|irosonlativ(‘s of (la* (//ifpfodoiis arc known to 
exist at tlic jU'cscnt day; l)ut tlic true Armadillos (tig. did), 
with a variadlc nuniEcr ol’ niovaltlc hands in tluur dorsal 
aviaoiir, a]>]icar in liolli the late ]Mi(»e(‘ne or Post-Teit iaiv 
lux'iiiiiulations of tlu‘ gre^at ])lains of South Anu'riea and also 
ill tli(‘ cave-deposits oi‘ Drazil. Some of these lorms heloiig 
to well-known living gmieric* or suh-gviieri 


eric tv])(‘s, suel; 












Atiiii and Kiifufi/s; while otlu'rs an* relerahh’ 
’ extinct and com])arativelv gigantit' torms, such as (Alildniif- 
odnriii iii^ Pttrhi/f/n’n'inn, Ac. t )t' \\\v^(\ ('Ida nt iidof li<rni ni 
Ih'hiKMl a siz(‘ (Mjiinl to that of the ('xisling IMiinocm’oses. 
l->^tly, the South American Ant-eaters {Miiriit>roith<i;iidir) 
tcpivsent(>d in tlu' cave-deposits of llrazil hy the extinct 

III . 
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nr mammaua (I'nniimnA . 

Sii;i;nia am* (’ktacka. 

OiiDKi: I\'. SiiJKMA. This order conipi'iscs no (»tlii‘r living 
aiiiiiials cxropl, tli<* I and Maiiatros, Mliidi are (iltiai 
placiMl with the Iriio ('iliifiniix (Wliides and l)ol)ihins) in ;i 
coinnion oi'dor. Tlion* is no donht. in t’ael, Init that, tin* 
Si/'‘in</ aiv \(‘i'V (T'selv allied to the and llieii'^li 

the\' are to he regarded as separate orders, \'et tliev may I'c 
ad\ antaueoiisly considered as heloiiuiiiy to a sinyh* si-ctieii. 
which has heeii ealleil Mntilnhi^ IVoni the eoiislalit alisciici' 
of llie hinddiinhs. 

Tlie Siniiiti a'^fee with lh(‘ Whales and holpldns in lla'ii 
eoiiiplete adajdatioii to an aquatic inode (tl lite (liy. tiHo. 



esjieeiallv in ///c ju'/sniff- nf a poii’i' rf n! nnnlnl Jiii, a//c/' 
tli'll'r/s fi'oiii Ijiiil of FIslirs ill hriiiff jiliouil liori'jnito^l >! 
hi'iil(f d /Iinr r.ri)finsioii of I hr ijifrifiniK ills, Ilof siijijioi'h >1 " 
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hnitf/ rxy^- li vliifliy trii lifiiKj} (rml Ihrrc u 

ill) ,s(i('/‘/i Hi. Thi' I mihs d I'f rnni'i rtt’d uilo sirmi niditi- 

liiithlirs or “ //if)i)> rs'' The s/iati( is jh-diif nidi irrll-i/n'i'lojird, 
mu/ the iinsfrI/H iiru pldO'd ou tf.s Ujfjxr siirfun^ d/id ntd on 
llu' hij) of t!'*' ld'<<L in //if iriid/r.H. Kl(‘sliy lij)S arc pic'sciit, 
and llu' iijijicr one usually (‘avrii's a iiiouslaclic. TJtc sldm is 
mrcird iri/h sn/Z/md /iri.sf/i.s. The head is not dispropor- 
lionalidv laryi', as iu the ti'ue Whales, and is uot so gradually 
jiidldiiyed into tlie Tody as it is iu tlu* latter. There may 
li(,‘ (iiilv six eer\ deal vertelaa-. Tlau-e are no elavieles, and 
ihc (liyils have no luori' than tliixa* iihalauges each. The 
Kiilnod (s d I /di t/odoiif (Md/od/isj (ir uuoitijdi jiddoiiZ {H(d osn'i') 
llir peniio Id uZ ZiiZli eioisisZ i idf of luoidt's ii'iZli jldZ/rnd'd croH'us 
(ii/iijifi'd fo' Zd'fi/s/jdf eeiffZd/Je Juad.^ dud ///e/.s'e/'.s U'hieh due 
jii'<si/iZ III Z/ie i/ou/df diiiiiidZ. dZ diiif I'dZr. Ill the ('Xliliet 
Jdifl/iiid it (hies not a)»))(‘ar tliat there were any iueisov teeth. 

The oiilv existiiiy Siniiid are the Manatees (dA///e///,s) and 



' ''IV. M.lr-\ iru ..nil.' >Kiill nf Ihi' Uiivron- /. I, vliuwiiij til-' tiisk.likr niijii'r 

iiii ; ti, Sii|i- \ ji u 111 till- .^kiill 111 M.iiiiili !■ (.'/■: (.Allri k ii\ I' l.) 

tile I {If(diroue), often s]ioken of eolleetively as " sea- 

' mill |‘i)rnnnLt Ihe family «)l llie Mii uoZ o/d . 

'•'he ManatkH-s (li-. (hlTtaiv » haraelmdsed hy tlie ]ioss(‘s- 
''ieii of iniiiioi’ous molar teeth, and of two small iipjier in- 
' whiidi ai'e wanting' in the adult animal. Ihey are 
animals, ten feet or nion* in Imeath when fully ,L;rown, 
'"id they li\’o ill shallow water mair the. coast, or asemid 
*hei's tor eoiisiih'i’ahle distances, their food IkTul:; |)rinei])all} 
'"I'tiitic plants. 

' jmssrssa ru.linuaitiiry lu'lvis, ana in the cxtiiu t ZLdUZneium 
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iiinlar teeth in tlie yoiine,' eondition. Imt tlu'st* aie lu'vci' ;i]l 
in nsi' at oiu' time. The niolai-s an* witlauit enaiiK*], ainl 
ar(‘ sinyle-rooted. Iid’erinr ineisoi’s ai‘(‘ ])i'('S(‘nt in the voiinj 
aiiiniiil, l>nt are wanting in tin* adidt. The np])er jaw eairir^ 
twd pmananeiit incisors, wliieh aia; (Mitiiady eoiKaadt'd in tin- 
jaw in tin' 1‘enialt's, hnt which inereas(‘ in si/(‘ in (he inalc- 
witli the ayi‘ of animal, till they h(‘come pointed tusks, 
d'he Jtuyonys are veiy similar in appiuiranee and haliits in 
(lie i\fanatees, hut they are m<»re exclusively mai'im* aiiiiiiah, 
and leod ehiolly Upon sea-weeds. 

The peiius 7('///////e^ at oiie time ahuiidaiit on (Ilia iiorlli- 
west coast of Noi’lh America, ajipears to have hi'cii eiuii- 
ihetely exterminated idiont the middle oC the einiiteeiitli 
(•eiitui’V. In this cniaous tyjie thm'c weia* no tiaie teeth, hiil 
the ]'laoe ol' the molars was taken hy larye laiiiellirorm lilu'die 
sti'uetnres. one on each side ot each Jaw. 

.As I’e^ards {][V\\' d isl nl>i'f Knt in him', the earliest kliewii 
remains of this ord(.-r appeal' in the I'ioi cue Tertiary of Ivy'l'l 
wlnai'c we iind tlna J'nif Inn n ni Jd/iijil nini m , a] i] lareiitly allioi 
to the liviny Manatees. Of the same aye, piuliaps, is tlu' 
iiitere>tiny Ihrm desci ihed hy ( tweii I’roin the Tertiaiy "t 
daiiiaiea under the name oi’ /‘mriislnin ns si rr/mnli s. 'Ihistvp' 
is I'cinarkahh; as possessing upjier and lowei' canines in atlT 
tioii to incisor and niohii' teeth, the dental formnla heiiiy 

- - 1-1 ^ •’ •! m 

1-— l ^ h h :! 

Tlie. niolai's are enamelled, .and the ineisoi's ai’e small ; ll>'' 
yenns thus appeariny (<» he jdlied to the Manatees, tluuiyh cl 
a more, yi'iieralised Ivpe. 

In the Miocene jM-riod Sirenians a]tp(‘ar to have hi cn 
eomjiaiatively ahiindant, thoiiyh nmstly rei'erahle to e.Ntiu'' 
types. In deposits of this ayv in Aineiica, however, 
I'eimiins which have heeii referird to the existiny 
Mnn^lns. The most, impoi'tanl Mioeeni' yenns, extciuint- 
its rany<* into the IMioeene, is IlnlUInrin m (liy. <>ldh 
skeleton of which is now tolendhy well known. 
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till' i('(‘(‘iUly I'xtcrniiiuited ocnn- in the rosl-ldiucciu- 

ol' Silii'i’ia. 

Tin* yeniis Ihinofliiriniii rdriTiMl to this order liy ])(. 
Idaiin ille. and still n'taiiuMl in this jiositinii hy I'ic'lel, m ill 
here eonsidi'ied as heloiiyiny to the order ot the 

()i;i)ia; \'. ( 'ktacka. In this order are the Whales, hnl- 
phins, and I’orjioises, all ayreeiny with tin* preeediiiy in ihcji' 
eoinplete adaptation to an ayiiatie life. Thr hoihi is ivm- 
lihlihl fis/i-l i/,<' t/i Jor/if ; tJo’ oiifirtiir lii/il>s a rr aniri/inl inh, 
sir I /II III I itif-jii/ilt/Iis III' tiijii I's ; //ir jii'n I I mill Ihiius nf lln' 
Jm i -I I mhs (f/ i min /i rnliini/ m h in/f/i, mill ////■ snn i 1 1! i mj huiii's 
m'r sjii)/ /i /ii 1/ mill ffulh m il , mol uri 1 h ri Inju il in o h mi 1 imii.s 
s/o/, fliii.s /'III lO'i III/ do liiiilis to oor-liLi' liiis; do 1 1 nrr mi 
i.i frmiiil n/rs; thr jiosfi roo’ luiil's orr rnnijihldii nhsi iif ; nml 
i/iri'r ISO fioii'i I'J nh }io/'iiiiiiliil!i/-l!odiioil niiolol ji 10 snni, 1 1 nn s 
orriimjimi oil III/ o iho'sol iht os n'dl. In all thc'^e eliaraeli'i's 
tlni Ciloji'o ayree with the Sinnio, exeepi in ihe one lust 
mentioned. ( )n the other hand, do' nosimls, irhirh umii hi 
siiiijlr Ol' ihoihlr, on' ohroiis jilonil ot (hr loji of tio' loml, mn- 
slili/fiiof do’ so-nilliil lilmr-linhs o/' "s^m'io'lis; oiol llujl 
o I'l' /Ill'll' sifioifiil o! do i/iil of o s/oiol. Thr hoilij is rri'ij 

spo/'iioflif f H I'lUshril ii’ilji lioii's^ o/' do oiliill moi/ hr roin ,,1.1,1 , 1 
lioi/'lf ss. Thr looil is iji /O' roll u of ilisiirufioriionold if In I'jir srj\ 
mol IS iirri'i' si j/rn'olnl from Ihr hoili/ lof on if ilistiiirl nmsli'n'- 
1 0)11 or /orf. Tin; llilnhar ivyion ol' tin* spine is loiiy, ali'l, 
as in I he Sii'rnio, (here is no saeriiin, and the poh is is Kpiv- 
seiited hy a. siliyht hone (the isehinilij oil each side. A Hl'li' 
ineiitarv t'eniiir may Im* present, and llolo no m ifsl inf ns \u\^ 
eartilayinoiis tihia as well. There are no ehi\ii'h's, and seiiH' 
ol the diyits may jxisse.ss more than three, phalaiiyes earli. 
Lastly, do’ lolnlt m ndo r ilrsfifnlr of In lli, or, n'llh thr snnjh' 
i rri jil ton. of do' Zi loiloilnnl iilo , is nionojih ifoiloni — thid. is ta 
say, ])ossesses Init a sinyle set of teeth, whieh are iieM'i' re- 
plaeed hy others. W'lon Inlh orr firrsni/, Ho if orr nsiotHll 
rono'oJ o/o! n n nirroiis, ond, r.rn j/f m Ihr Znofloilonls, llo jf 
oliro tfs of onr l uol onli/, 

Tln^ (h'torro iMiiy divide(l into tin* live ramili(‘S et 
the Jhiloiuilo or Whahdione Whales, tlu^ I hi /ih m ido' 
Itolphins and Lorjtoises, the dofmlonlolo or S^u-rm Whales, 
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lln“ Itlii/ncliorrli or Zipliioid AVlnili'S, uiid tint Zi u/tr. 

()'“ llicsr, tlie Jhihru bhr an^ oUcn spoken of as the “ tooth- 
less ’ A\'hah‘s, wliilst the oilier lour faiiiilies are called the 
"toothed” \Vhah‘S {i hlttuhn'il i). 

ZiiiiL 1. /iV/e //./We . Tin* lliihru nhr or d’oollih'ss \Vhah‘S 
arc, ehiirai'terised hy the total ahst'iaa* of teeth in the adult 
ti^'. hltn). Tei'th, however, are present in the helal Whale, 



hut thev never eul the yUlil. 'riu* place of teclh is suppli(-d 
liv a nuuiher of plates of whalehoiie or " haleeii attached to 
the palate; lienee tin' name of “ \N halehoiie hales olleii 
-ivcii to this faniilv. They aiv the largest of liviiiy animals, 
and may l.c divided into the two sections of the Sinno/Ii 
Wlialcs.'in which the skin is snmolh, and there is no dorsal 
fin (as in the (ireciiland Whale), ami the Fi'rmiml Whales, 
in which the skin is furrowed, and a dorsal tin is ]>resenl (as 
ill the so-called I'inner Whales and Hump-hack. W Whales). 

So far as at i»resent known, the impmlanee ol the7>'od/- 
iiiilti, from a ]»aheonli»lo,L;ieal point ol \iew, is not ynat. It 
is Very douhtful if anv memher ol this erou]> has l.cmi touml 
ni any Secondary deposit. The only exciiaion to this state- 
nuait— and it is a douhtful om* - is that ol theeei\ical \ut( 
i'lw of Fnhrnclm. which were discovered iii ylaeial accuniu- 
liilions near Kly. and are supposed to have keen washed ont 
'•I' th.> Kimnierid-e ('lay plurassi<-). These aiv helieved to 
''‘T.iiyloa W'hahdione Whale. In the Miocene and riiocene 
^^''■itiary we meet for the lirst time with umUnihted reniams 
"1’ Of this natun* nre the extinct //o/./ocW/o> o 

ITocene, and the Cdotloriu iii and ol lie 
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“ Siirnuitian ” deposits, all of wliicli a))p('ar (o 1)0 iiioiv ov 
closely related to the liviiiy h'iimei' Wliah's 
The liviiiy uiaiiis Jluhrmi a]i]»t‘ars for the lirst time in the 
I'lioeem* (»i‘ lun'op(‘ ; and it is prohahle that tin* (‘ar-lieiics or 
" eetotolites,” which oeeiir in tin' hed ( 'i‘a; 4 ' ( Tlioceiic aiv, in 
some instanees at any rat**, relerahle to inendKas ef tin, 
Unlo ii tihr. 

Fdui. 2. (/iihidoiil 1(1(1 . — Tlu' lainilv of the ('dli)i/i)nil(l,,_u\' 
I‘l((/.<i /t /■((/((', eonijirises tin* Sperm W'hah'S or ( 'adiidots, with 
wlii(‘li we eonim(‘ne(.‘ the seiT'S ot' the TootlnMl Wdiides ■(hinn- 
forrfi). TIhw an* eharaeteiised hy tin* fact tliat the is 

d('slitut(* of halei'ii-plates. and the lowei' jaw |)ossesses a seiics 
laliont tiftv-tdnr) of pointed conical teeth, separaleil hv iiitn- 
vals, and sunk in a e(.mimon alv(‘olai- yroove, M’liii'li is milv 
imperfectly divide(l hy septa. The n]»]iei' jaw is also in 
reality fui'nishe(l with teeth hut, with a siiieh* j'aitial ex- 
eeption, thesi* do not eiit tlie yiim. 

Remains of Caelialots ( PI(/fsifr;-) oeeitr in the Rli'teime ninl 
Rost - Tel't iai'V di-posits, and their eMstenee has even Ik'oII 
indicated in the Miocene TeOiarv. Thev are, howex cr, ol' no 
special impoi't aiiee. 

Fiiii(. .‘I. I h ! j)li ( K (da . This tainily inelmles the l)ol|thiih, 
Roi'poises, and .Narwhal, and is ehai’aeterise(| hy nsiiall\' pi's- 
s('ssiny teeth in hoth jaws; tin* teeth heiny numerous, ami 
conical ill shape. The nostrils, as in the last famil\, 
uiiitml, Imt they are )»laee(l fnrthei* hack, upon the top cl ilio 
lu'ad. The siiiyle hlow-hole or imsti'il is traiisxeise, ami 
mostly crescentic or lunate in shajx*. Tin* head is hy m* 
means so dispropoi-tionalely hiryi* as in the former taiiiilics, 
usually forminy ahoiit. one-si*venth of the i>ntire leiiylh 
the hodv. 

'I he yeniis /A/yyA/'/iz/.s, coniprisiny the common l)ol]ihiiis 
appears to date from the. Miocene Tcitiarx', and is well icpn- 
sent(‘d in deposits ol Rlioc.eiie aye. In Mioci'in* strata ah" 
oef.aii'the Relphiiioid remains which have lieeii retcri'c'l 
the ymiera Fast ddrl jt /( ( k ((s^ S/iccdilrl jd( is^ and d/ze/z/yAscf/c/y/o'' 

F(((((. 4. ////////c//zzzv//. This familv is allied to th;il 
the ( 'achalots oi’ Sjzerni Whales, and includes the so-call'd 
/i[>hioid W'hides.” They are, distiiiyuishe.d hy tin* possc.- 
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qoii of a poiiikMl snout (tlio “Ijoak” or " rostnun "), siii-lo 
lildW-liolo, and small dorsal tin; and l>y tlimr dmititnai. 
Tlia odontnlous, any tcotli wlddi may l)0 jac- 

s(Mit imt (-uttiny tin* -urn. The lower jaw, on llm other 
liiniih posscssfs usually a sinde ])air ol teeth, whieh iiie 
soiiielimes tusk-like, hut whieh in other eases are concealed 
l.v llu' yum. 

T!i(' rostrum of th(‘S(* ('elaeeans is ot yreat density, and 
lilts oftrd liis‘11 ill :i lussil stair, u.siially ]iirs(.'iit iiiy 

Its,. If as a Isiiiv cyliiiilri' ui' rlciiiyaliMl l.•(llll^ guiierally iiioir 
l,.ss watrr-wiiiii. TiMiii ti'ssils of tliis iiatiiiv have I'rrii 



I'dinianl tlir ynirra /as aial /A/. /,///d://i///Vs, Ixilli of 

win, 'll Iicaaiv ill llir su-callra '■ ( 'rays " il'linrriir'. Tlir y'riius 
/i////ii/s also ocnirs ill lla' Cray, l/Ul iiiiliko lln“ lavrriliiiy 
II is ivpivsriitr.l l.v cxistiiiy S|prciis. |■...siar.s the '' l.raks," 
sniiii. I'lissil Irrtli lia\i’ ln'i'ii (oiiiia, wliU'li Hill) ]i.'llia]is I'l 
rderahh' to meml>ers of this tamily. 

/■'o/c 5. z, — 'I’lu' numihers of tins lamilv 

hitler from all existiny in the possession ol niohtr 

kelh imphint(Hl hy two distinct fanys. Ineisor teeth are 
likewise prest'iit. and tl>e animal is diphyodont. Ilu' /eiiylo- 
heiits mv eiitii'elv extinct, and (hey are exclusively coiitineil 
I" the Id.eeiK', :\Iioc(Mie, and IMiocime peri<.ds. The ehiet 
.k'lieru are Zfiiffhn/on and 

Zrinf/ndtui (tio (ti!::) is d isti iiy u isluM I )>y its elonyated 
^I'out, conical incisors, and molar tei'th with trianyuhir sia ■ 
rattMl crowns, implanted in the jaw hy two loots. h.u h 
'“"lai- looks as if it wmx' compost*d ol two separate hat i 
'luited on uin‘ side hv their crowns ; and it is this ])uidi.int} 
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wliicli is (‘X]H'ess(‘tl by tlic iinme. Tlic s])('cirs of 

ZcKijlodoa iu'ii I'iUCL'iu* and iMincniu*, (iiu^ of tlu; host kll()^vll 
belli-- the -i-eat irfo'uhs of iho Middle Koeeiie (Gacksoj, 
lleds) ot (be United States, whicli attained a hai-tli of 
se\onty 

lly rrofessoi' Iluxb'V, Znitf/ddo/i is re-arded as in soiia> 
res|H‘ets intermediate between tlie true ( etaeeaiis and Iho 



( 'arnivormis family <.f tlie Seals. On tliis ])oiiit tins emiiieiit 
iialii I a I ist I'emarks: j be skull n| tbis -real I'.oeeiie sea- 
moiister, in be t, sliows, by tbe narrow and ))r(»lonL;('d iiilia'- 
orliital re-ieii ; (lie e.\lensiv(‘ nnidii of tbe ])arietal boiii's 
in a sa-ittal suture; ibe, well-de\'eb»|H‘d nasal boiu’s; tlu^ 
dihtiiietand lar-<‘ incisors implanted in pramiaxillai'V belies, 
wbieb tak(S a lull sbare in boiindin-' tla^ foi'(‘])art ol' the 
'-;aj)e ; tla; twmlan-ed molar teetb with t rian-iilar and serralisl 
'■lewns, not exeeedin-' li\'e on eaeb sid(‘ in eaeb jaw; and tbe 
existence of a, deciduous dentition, - its close i-elation with 
tbe Seals. W bib;, ou tla; (ttber band, tlu; prodiictul rostral 
term ot tb(^ snout, tbe bm-' synijdiysis, and tbe, low coronary 
pro(;e.ss of tbe iiiandibb*, are aj.proximations to tbe (’etaceaii 
lorm ot tliosa* parts.” 

ibe, -onus SijiKihuhiii, is mairly related to but 

tbe teiitli are, more nuimu-ons ; and ( be doiible.-tan-(;d molars 
(li-. are more conipr(!ssc‘(l and ])yra,midal in form. “The 

ntisal bones ai’e vt-ry sliort, and tbe up])er surlaee ol the 
rostrum presents tlie ftroove, Idled up durin-- life by tbe 
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of tlio (itlimoidal cartila^’o, wliicli is so cliai'ac- 
ti'i'islii* of the iiiajoritv uf ('rtaceans” (Huxley). The spiMjies 
of all helonj.^' to the .Miocene and Pliocene 'TertiaTV. 



Fi-', Cl'.:;!.— 'I'hni' nl'tlir l.iwi.T Iin-I.irs uf .siyi-ii/i.i/i,,,. .Mill. , IK- Intiary. (Aft. r Srill i.) 


The if('nus Stnn'ocrfrs has hcen f<>undc<I for the vece])ti(in 
of iniotluu' Zeicylodont, in Avhich there wert* (louhle-faiiycil 
tn'lli with (‘onoid ci’owns. The rcniains mi which this yenus 
iii'C hased ;ire from strata of Tcrliai’v aye, near Ihienos Ayres, 
niid they indicate an animal much smaller than the tiaie 
XnnjIoiJdils. 

Lastly, it would ii]i|K‘ar ]>rohahle that tlu' ymnis lluJiriinilon , 
i'oiiiidod upon Icadh from the lied ( 'ray ' Llio(‘ent'\ is really 
ivl'erahle to this family, and jtrnhaldy to tlu' yvnus Siiint/otloii . 
In I'art, however, teeth of Ziphioid AVhales have also been 
nioliidod under this tithe Hy Owen, Ihiht luxloii is reyarded 
i>s c()iiiprisiny tc'eth of a Celaccsin nearly allical to the liviiiy 
^I'eriii M'liale. 
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(MlArTKK XLII. 

i>jn)E]:S OF MAMMALIA {Cu„t,,n>n] , 
rxciLATA. 

<)i;|)l’.K ^ I. 1 NCri.ATA. — The (ii’dcr of tlio riniiiliihi , nr 
Hoofod (^)u!idni|MMls, is oiio of (he l;irn'(‘st :iiid most imimi't- 
;iiii of all till* divisions (tf llic Mtn/i um/iA. It ('oiiij»iist‘s 
tlii'oo entire old orders nanM;ly, llic Parh ifd, rnidtti , Sululihi- 
'ji'Li ^ jind Jill HI hill III ill. 

The first of these eld di\ isions — that of tin* PmJi ifil< riiinf'i 
— iiieludod tli(‘ l‘d<‘]»hants, Rhinoceros, Hi|)]»o|)otannis, Tiipii's, 
and the Riys, all characterised, as tin; naiiK' ini|>li('s, Ity their 
thick inteeiinimits. Tlie name is still used to cx]ircss this 
fact, thoiiyli tlic or<l(‘r is now aRandomsl, and is mmecd with 
that, of the { Aiiiiihifii ; the Mh‘)>liants alone heine ivniovcd to 
a SC] ►a rate onler under the name of lh-n/iii.\i lili u. 

'I h(‘ second old order -that of the FhHiI u iujiiIk or Soli- 
|)e(h'S - -inclnde(l the lloi'se, /ehra, and Ass, all charactcriseil 
hy the j'act that tln^ foot terminates in a sinyh; tor*, (Mieaseil 
in an exjKindeil hoof. The name So/ iilii iitfiihi is still retained 
loi' tln'Si! animals, as a se(‘,tioii of the. ( hiifiilnlK. 

d he third old oi-der — that of t he Iliiui i iinii/in — inchides 
all those animals, sncIi as Oxen, Slaa*]), Ooats, Caiiiels, 
Oiiidles, J)eer, and otlie.i's, which chew tln^ cud oi' “ruminate, 
and ha\e two Innctiomil toes to each foot, encasc(l in hoots. 
'Idle mime, Jill III I lilt til ill is still re.taine<l for these aidmals, as 
constitnt in.y a most natural L!,rmi|> of tin* ( hii/iiliihi. 

All these vaiioiis animals, then, are now orou]KMl tocethei 
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into tlie onU^r of the Unj/ii/ofd, or Hooh-d (hia(lru]»eils, 

;iii(l tlic tollowiii.U an* tie; elianicters of tlie onlor;— 

All flic liiiilici <iir jnrsru/^ (ind that juniion of ilo’ tor 

irjth’li ttilirlirs the (f round is* ah'utif.'i rnrifsrd in tt ffirnlltf-i.r- 
piiittlal nod, const lint in<l o “hoof.” There arc rorclii noo-r 
tliifii four fnll-si'jed tors to rorh find). On'imf to the rnensr- 
iiii iif of the tors in hoofs, the Innhs orr useless for jirrlo nsion , 
Hint onhf sidisi rrr loeoinot ion ; hr tier clorirlrs orr oheoys iront- 
iiKf in tio' entire order. There ore oltroi/s tiro sets of rnoinelled 
tnth, so that the onimol is diidiifodonf. The molar teith orr 
iiinssirr ond hare brood enoens, (oloj>t(d Jor (jrindiioj rrifctoblr 
snlis/o ni'i’s. 

The order r/oinloto is di\ ided into two jiriiiiarv seetioiis ; 
tli(‘ Trrissodortiflo , in whieli lie* toes oi’ liool's aiv odd in 
niiiiiher foiK' or threi*, or I’aivly and the rt oxloet jiho 

111 which tlie to(*s an* even in nuinhei* (two or I'our;. 

doth these ureid si'ctions wen* dittereiitiated as I'lirly as 
the IdieeiK* Ti-rtiaiw, in which rorniatioii are lound the ohh-st 
leiiiaiiis of rnynla.tes which have been as yet discoveix'd, 
The ancestral t\’jK‘s I'lvnn which these sections wi're derixed 
ale still unknown to ns, hnt it is to lx* expected that tlu'sc* 
will he found to possess the full live diyils which are nor- 
mally presi'iit in the niaiiiinalian linih. It niiyhl, therciore. 
he not unadvisahle to creat«‘ a third si'ction of the I n;inloto. 
which iniyht he terniml 7 ) Inxbof ifbi , tor the reception ot 
tliesi* I’oi'iiis in which the foot is live-toed. In the nn'an- 
wliile. however, tin* few known ])enladactylons I nyulates 
the Cor/fj)hodonf iti) may he ti'injxtrarily retained in the 
I'ei'isso(hu'ty le section of the order, with which they have 
'hlinities in other respects. 

Skction a. I’KKisson.n rvi.A. 

'nie section of the Trris.sodoefifir Thiyulati'S includes tin* 
liviiiM^^ tvjies of tlu^ Iihinoceros(*s, Tapirs, and Horses, to- 
,ueih(‘r with a vast nuinher ol extinct tornis, only the nioie 
'"'poi'taut of which can lx* alluded to here. I he characteis 
'*1 the seetioii an* as follows; — 

'I'hr hind -feet orr ,i<lil-lv'il ill nil (I'e'. tiicjiiri'- 
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in tlie foro-foot ; and in the cxtiiud J^Johrppits there is even 
a rii(liTiientary first di^it or pollex. Lastly, in tlie extinct 
( Vavpliodonts, wliicli, as before said, niii^dit with some advan- 
liV'c ])('. ]»laci‘d in a se])arate section (7V/eefA/r////e), tlie feet are 
i'lirnislied with tlie full eonipleinent of liv(^ dij^its on all the 
f(M‘t, and all of tlu‘se are snlliciently developed to touch the 
ni'ouiid. Ih'ovisionally adinittinij; these ancient five-toed types 
into th(^ we may divide this section of Ibi- 

milates into the seven principal families of the Con/pJindon- 
llh T((piri(/ff\ J>roiifn(lirrhl<<\ Paht olhn'itlo', 

}Iiin'(ntrJu'iii(l(>\ and Kipiiihv. 1 )f these, tlu* families of the 
]i]riHiirn-l(Jcf\ '/bp/z-e/o , and IPjuiihr aloiic survive ; ami widely 
sipaiated as tlu*y are in many important (diaractius, the in- 
icrvals between them ari' to a laruc extent filh'd ii]) hy 
aii cNtcnsive series of fossil ibiaiis. 

Piiii. 1. ( *i>n/pJin(Jo/if n/o '. — In this lamily is comprised the 
liiMiiis (nriiphui/oii only, this beino- ajiparentlv identical witli 
tlie liathniiKloih of Cope. hirst foumled by ( dwmi upon 
li'iiLiiiicntai'v remains discovered in the hocene Tertiary ol 
bi'itain, the idiaracters of tin; oeniis luive now been largely 
I'liicidated bv Crolessor .Marsh from tlu' mmdi mori' aiipde 
iiiiiti'rial obtained from strata of the sanua aye in Xortli 
America. TIk* yenus Porf/plnfihtii comprisi's larye dapir- 
lilo‘ animals, all b(donyiny to the ]teri<Kl of the I'.ocene 
lertiai'v, and haviny an averay(‘ size about (‘qual to that ot 
die liviiiy d'apirs. The skull (liy. b2o, .\) is of the Terisso- 
dactyle tv]»(\ and is hornless, the comparat ivedy small size ol 
die, nasal bones indieatiny that tlu^ nos(‘ was not prolonyiad 
'■do a proboscis, d'he brain is remarkably small, and ot an 
'dtoyei liei’ inferior tv]K' ol' oryanisal ion — casts ol the brain- 
•'■•se indieatiny that the c('rebelluni was larye, tin' ceri'bral 
^irinisplii'i'es much rednci'd in size, and “tin' ollactory lobes 
^'*iyc and entirelv in advanci' ol‘ the hemispheres (Marsh), 
dentition is coni])l('te, tin' dental Ibrmula beiny - 

. * - ,‘5 1 — I 4 — I • » .1 

3-3’ I - I ^ 4 1 3-3 

eaniiK's an* not (^xcessivi'ly develoiK'd, and the molars 
*’f the d’apiroid typi*, and have two traiisvi'r.se crests or 

11 . 
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(MU' auotliev in ])()iiits of coiisidt'rable iiupoilaiuH*, sonic 
^vllich may be brielly alluded to. 

In the first ]»laee, as regards the dmitition considcral 
dillerences obtain anion.tjj dillerent specii's of the genus. T 
tyjiieal dental forinnla is — 


1— I 0—0 


0—0 4—4 

; vrn 

0 — 0 ^ 4—4 


In nianv species, such as the living two-horned Rliiiioccv- 
os('s of Africa, there are no incisor teeth at all in the fiillv- 
grown animal. In other cases (c. (/., in the li\ing' L. IiiiIu'iih- 
tln>re are two incisors in the front of both tlu' u])per juid tin' 
lower jaw, and the lowi'r incisors are longei' and more ])oiiitcil 
than the ujijier. Jn some of the Mioci'in' IMiinoceroses (such 
as /:. Srlih lrrnior/irri) (he front of the lower jaw carrii's hnir 
teetli, of which the two (-(‘iitral ones are small, while tlic 
outer oiU'S are long and ]»oin(ed. These tnsk-liki* teetli arc 
geiii.'rallv I'egai'di'd as an ext(‘rnal ]»air ol incisors, but tlu'} 
are looki'd ujxm by (iervais and (iaudry as being triilv 
canines. In the hornless (Miocene llhinooei'oses, which enli- 
st it tile the g(*nus yimuflti’t'i/itii , the condition ol nndtcis i> 
nsiudlv as just nieiitioiu'd. Thai is to say, the lower ja^\ 
carrios a jtair of minute central incisors and a jiair ol tiisk- 
liki! lateral incisors (canines i*) ; but tin' foi'iiim' iiia\ hr 
'Wanting, and in one specie's of tlu^ genus tin' Iroiit ol llr 
lower jaw carrii'S a sm'ies ol ('ight tiu'tli, six incisors and tro 
canines. Lastlv, the l!li i iinirrns Si rit/citsix ol tin* Siwalik 
Hills is stated by Falconer to pos.si'ss six lowi'r incisors. 

On ea(di side, of both lowe!' and npp('i- jaws tlieiv cNi^b' " 
the Ilhiiioceroscs a continuous series of S('\'en grinding leclli 
of which the lirst four a,re pra*molai-s, and the hinder thict 
an' molars flig. b2b ,\). The crowns of these (lig. (»2t) r 
and tigs. 327 and b2<Sj are of ihe Fakeotherian 1y|)e, ih''' 
being two princij)al transverse tracts ol deiilim', sepaiai'' 
liv an anti'iior and ])osterior vjdh'V, not Idled up ^btl 


lower aw carru's a smies ( 


an 1y|)e, lhrr<‘ 
liiK'. seiiaraicil 


cement. 

Another jioint in which the Idiinoceroses diller reniam 
ablv from one another is in the form ami (h'vi'loimicnl " 
the nasal bones, these differeiici's being diu' to the ahsi la 
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I'licR* is llms L^food roiisuii for soparaliiig Arcrotlii rhi m goiu.,.. 
ically from JHiiiiormis. 

The ty]>ical KMiiiiororosos all ])ossoss iiniueiisc'ly-din 
nasal hoiu's, to serve foi- the snpptirt of a liorii oi' luaiis, this 
purpose Leinij; oeeasionally lurtlier snljserved by tlu* pniiiitl 
or eoniplete ossilieation (»f the se})tuin l)et\veen tli(‘ nostrils 
\V{‘ iiiav tlierelbre dividt* the spi'cies of Jlliiiioeeros, in 
accordance with this eharaeler, into three Lfron])s:-- 

1. Those in which tlie nasal si'ptuin remains iniussiticil 

( ///o / / Mcc / V ^s' iiH’ifi/rlu II ii'i). 

2 . Those in which the nasal Ixan's ttre strenytlaaicd liv 
the partial ossilieation of the nasal se])tnni, .u'iviny rist' to nn 
inconi|)lett! bony jnirtilion or “ cloison ” lietween the iiostiib 
{A*. yf//‘//.sc/cs and A’, hfinitxi'h nA. 

2. Those in which the nasal se]»tuin is comi)l(‘lely ossilied, 
and the nostrils are thus separati'tl by an nid»rok(‘n ]»artition 
or " cloison." This condition is coiinddeiit with the t;ivat 
(h'Vidopinent of the horns, and is especially well set'll in llit' 
Whtolly b'hinoceros (A'. I (clnir/i i nns, lig. bbO), 



Fi-'. eo. Skull .an,,. T,. Ii.iilm,.- lilim.H-.T..-., fli.' l,..i l,.uis u.inOu.; i .nt li "1 llu 
ll.•|llll.ll .si/.c, I’list eii.ii'i'iii’ l|l■|lll.sils (it lOn.ii'.' uiiil .\si;i 


1 he horns of the Ehinocm’oses ai’e., tis has been nn'iit ioncd, 
epidermic st laiel iii-t's, ami are totally distinct in their nalnii' 
from the horns ol the Hollow-horned Ibiminants or ol ihc 
l)eer. 1 n t,he so-calletl “ niiicorn ” IMiinoceroses tln'i'i' 
but a single horn jtlaeed upon tint nasal bones in lla' media'’ 
line o( the head. In the “ Iticorii ” Rhinoceroses, on iht 
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oilier hand, lliero are t wo of these appendnj^c^s, also placed 
iijioii the nasal hones in the median line of the head, the 
posterior liorn hein^- shorter than the anterior, or dilferin '4 
hoin it in form. \Vhih‘ tlH‘ true Kliinoceroses have invariahly 
a iiir(/l(ni horn or liorns, we shall see shortly that there 
oxisted allied typi's (viz., (^n/nnorrms and J)irn'(il]n'rui-m) in 
wliicli the horns wi're 

Even excluding’ vtirroflininiit, we lind triu' forms of 
JUiitK'x'rriis in (‘xisl(‘nc(‘ as eai’ly as the Miocene jieriod 
(//. S(lil( l>'i'iii(fr/irri, U. \c.) ; and there are 

inimei'ons fossil spiah's in the 1‘liocene and Post-Plioci'm' 
deposits of tin* Old World. In tlie New World tlie yeiius 
JUiliiiiirriM its(df does not a])] tear to he re]tr('sented, hut the 
Miociaie and Pliocene drjtosils of Noith Americii liave yielded 
several f^peeics of Ar, r<>/In‘rl inn . < M' tlie fossil forms of 

jUiliiixxri).^, till' most im])oi'tant art* li i Jl. inrijfi- 
Ji\ liiiiiifdrjni.x^ and It. Kt I'l'snis.. 

d’lie JAninxrro.^ i Irlmrlihnix (liy. (h'ht) is generally known 
as till' " W'uidlv hhinot't'i'os,'’ livnn its ]ii»ssession ot a wtxdly 
envcriiiy. Its skin was t'ohlless, and it ptisst'ssed two hoi'iis, 
I'iOvliich the ant(*rior one was very larye. The hnihs are 
cxln'iiiely stciiit, and the nostrils are cmnph'tt'ly se])aratetl 
d\ ail osx'ous s(‘]>tnm. II. f ifliorluniix is essentially a north- 
‘‘’n I'taiii. and has the same distrihntitm in .sy-ecc as the 
^laiiiiiioi li, exee])t that it did not cross Pehrinys Straits, and 
is tlierotort' not. found in Anu'rica. In it is yoiinyer 

diaii the IMaiiniKa h. not Ix'in^ found in the pra'-ylaeial loi'est- 
i"'(l (it Xoifolh^ and oeeurriny; for tin' tirst tinu* in the Lower 
i'l'iek-eai'ths of the Thamt’s valley (pra* ylaeiah hut yonnyer 
diaii the “ t’orest-h(‘d ”). It is therefoi'c (‘sst'Utially a I’ost- 
!-i''rial Mammal, and it is mainly ftiuml in (piateriiary cavt*- 
'i‘'h"^its and valL'y-yravels. 

I he I'/n itnct'i’os Iinii i/ff'i'Ii u.'; i)\ Indcoiu'r (- the h. h jif orlu n ns 
"i ^hveii) is also jtrovidt'd with two horns, hut is of a much 
’ii"re, ,sh‘nd('r huild than the Tichorhine form. The nasal 
lieiK's are slender, and tlu* nostrils are separated h\ a 
hirtially - ossili(‘d septum. The adult animal ])ossesses 
*'citli(‘r imdsor nor canine teeth. Like tlu^ jirecediny, A. 
/^niilitrrJiit.s is exclusively rost-riiocene in its distrihulioii. 
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and is found in cavc-d(‘])osits and in the Tlianies vallcv 
lU'ick-uarths. 

The liluHuccros ;/n7/u/7/////^s of Clii’istol ( = tlie B. h'liforhuim 
of (Tivier and I'aleoner) is also hieorn, and n'.sonililcs /;. 
hcniita rims in hiune; of eoin[)arativLdy shaider huild. It i^^ 
distinituislied, lio\vev(‘r, hy tlu; eiiorinoiis dcvelopnienl of ilui 
nasal hones and the ahsenee of the “ eloison ” or lionv paiti- 
tion hetween the nostrils, d'his form (»27) is round in 
the I'liocauK' IkmIs of Italy and T'rane(', and also occurs in 
th(' ])ia**^laeial Ihn'st-hcd of (Tomer and the Lower Lrick- 
earths of the TTiames valley. 

liltnivri/vs Kirtisnis (tic;'. ()2h, A) is also ])icorn, and lias 
the nostrils partially separated hy a ‘‘ deini'cloisoir’ or in- 
complete hony })artition, which “strengthened the hascnunil 
of the anterior horn.” This s{>eeies is i'ound in deiiosits of 
I'lioeeiu* acte, and occurs also in the JNtst-lTioceiie (as in the 
( T'oiner forest-l)ed). 

In addition to Jlldtu/rt rus and Aernillirrunit, tin; Tertiary 
ro(;ks have yielded vaiious other forms of Jl/i iiiori sonic 
of wliicli depart very wididy from tin* cimieral tvj'e. The 
oldest 1 \nowii foi'ins are A m fiiKxInii and ("o/oz/erc/'es, hotli ot 
which are found in the Loeem* Tmliai'y ol‘ North Anieiica. 
In . \ m jiiKiiloii there wen* no horns, and tlien^ were holh 
iippi-r and lower canines, while none of the. jjra nndars wii'i- 
like the niolai's. Coltitinmu/s, acjaiii, is \’(*rv (dosidy idlied to 
llie T’ajiii'oid ,e;enus Ili/rifrlu/iis, hiit it has the. ciiiioiis char- 
aetei’ that the, nasal hones carried two very I'Uilinieiilaiy 
o>seoiis jU'otiihei’aiiees for the sU|i])ort of a ))air (d' iiiinutc 
horns ; these appendacfes, however, heiny;' phicc'd sy miiK'trically 
on the, sides of the head, instead of heinc;’ situated one hehind 
each (dher in the, niiildh; limn TTie ])osse.ssion of syninietri- 
(:ally-})laeed ( r/nisrrrsr horns is, howe.ver, a more eons]iicH()ns 
leature in the Mioeem^ ;.^enus JhrrrafhmK m , which ncail} 
erjiialled tin; (!xistin; 4 ; Jlhinoc(!roses ill jioint of size, and 
elos(dy resemided them in other structural characters, exerpt 
that the, font-feet are, four-toed. The ^umus is North Anierirau, 
as is also the curious /////vyrez/e/t of the Alioeeiie, in w]ii<'li 
horns were completely wanting, and in which there is tla' 



I’KKTSSODACTYLA. 


329 


n\‘jioralise(l (e.'iiuro tliat the ihailitioii was coia|)lete, tliere 
boiii!4 ‘six iiicisoi's and twe canines in (iacli jaw. 

Ill the later Tf'Vtiary deposits of Pataj^onia liave heen 
I'aiiiid the remains of anoiher generalised type, wliieli may 
])erlia)>s he ])laeed hma*, and wideli has l)een di'seiihed under 
die name of Iloniff/odo/itoflnrin m. In tliis form then' is the 
eiiiiiplele dentition of forty-four teeth, ]>laced in a coiitimioiis 
series, and of lu'arly eipial height. The molars are like 
tliosi' of Idtinonrox, to wliieli tlie genus may be sn])])o.sed to 
be allied through I fiir((rinh)n. 

f.astly, we may mention here the singular EhoniitifJicrbi m 
of the Post - I'lioccne of northern, central, and southeiai 
Eiuinie, wliie'h was allit'd to tiu' Jth iiioaras, liut with various 
'[iiite jieeuliar characters. The body was of very large size, 
lilt' length probably not falling short of fourteen or tifteeii 
feet, and the skull seems to have carried two mesially-placed 
. lieriis, of which the posti.'rior one was much the largest. The 
nasal se[)tum is ossilied, as in varituis s]>eeies of Idilnoccivs. 
rii(‘ limbs, however, are unknown ; and tlu' molars are not 
at all of tlu' Khinoeeroid pattt'rn, but, on the contrary, were 
e'oiiijilieated by elaborately-folded plati'S of enamel. 

t'liii. 3. Td [H The Tapirs f 7byn /7/.s) are chai’acterised 
hy the [losst'ssion of a short movable ]irob(tscis or trunk, 
llie skull (lig. b;;i) is pyramidal, hk(‘ that of tin*, pigs, and 



rg. i;:!!.- Sia.' vi.-w ,.f thf skull of Uio living V'.t/.M t/N Amnianiuf. (Aft.'r (arlu‘1.) 

nasal Imnes ])roject over the nasal cavity. Ihe skin is 
and thick. 'J'lu‘ tail is extremely short. The lore- 
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IW'i (tio-. (;24, a) h:iv{‘ four toes eaeh, 1ml these ere nnsvm. 
iiu'trieal (tlie little toe Ihmiilj siiiiiller than the rt/st, aiul iidt 
louehiiij^r the p-oiiml), aiul the Innd-leet have only tlmr Iims 
all eiieased in hoofs. The (Umtal fonmila is — 

.:i i - i 1—4 ;i 

i ^ [ 1 ’ *• •* ’ •' ■] "" ^ “ 

The eaniiK'S do not fonn ]»rojeetini;- tasks, end ihf indlars 
and j)i';cniohirs are of the “ hilo])hod(»nt ” iN pe, ihc ( rnwndl' 
('ueli |>ivs(*iitinLi' two tr:insv(*rse oi- ohli(jMe ridyvs, scpariihMl 
hy hroad and shallow valleys. Tie* liviiiu' s])(‘cics of Tupirn^ 
aro found in South Anioriea, the Malayan Arehipolayo, and 
t 'hiiKi ; aial the yonus jijtpimrs to make its tii'st a]»|i(“araii(r 
in the Mioeeiie d'(M'tiary, when* it is rt‘]»res('iil(‘d hv t'orno 
liko tin* T. Viurrnr] and 7’. /o'iscus oi’ l''mro|i(‘. In tin' 
Tui(.t])ean I’liorcnc we have the w41-known T. .1 / /v / //nas/.s ; 
and in the JNtsl - riion'eiio of North Aim-rica tin' ^viiiis is 
widely distrihutcd. 

At tie* )ii'escnt day tie' u'ciius 7hy;/Vas is the sole sarvi\- 
iiiu meiidter of the 7hy>/V/Wo. hut wi' have an extensive seiics 
ol Tei'tiai v peiiei'a, eoninienciny as eaidv as the hoeeiie. One 
of the most ini)M>i'tant of these is the ueiiiis /e^/ea, of llm 
laoeeiie of Idurojie, whieli apjteai's to lia\e {•loS(dy I'eseiiiliK'd 
the dajdis in most I'espeets, hut to ha\’e jnissessed seliic 
])e('iiliar denial ehara(-l(‘rs. The molars aiv of the “ hileplie- 
doiit ” t\|)e fli-j. eaeh exhihitin^ two (ddiipie ridxe^, 

'epai'nli-d hy aiiterioj' and posterior vallexs or sinuses; and 
til'' jiia'iiiolai's have the same neiiei'al chaiaeter. hut waiil 
tlie jai.-iterior ]'idL;’e. The iiiolai's ar<‘ thus ot esseulially ll>*‘ 
same typ(! as tliose of Tiijiirus^ hut Ihei'e is now one pi'i'" 
molar hnss oil eaeh side of the up[ier jaw, the dental foinnda 


t <' ; vm ; m Id. 

1 he limhs ol Li>i>hi<ii](ni nrc, slill unknown, hut sindi jiorlien^^ 
ol the. skeleton as have Ix'eu diseovcu’ed are distinetly dnpi'"''^ 
ill ehai'aeter. Tin; y,.| p,.,.,, ,sat isfaeteni,' 
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identified in tlui iNew World, Imt it ;ilKnnid('d in Enro])e 
(Iniiir'- tlie fioei'iie period, the speeies varyiiiL;- troni tlie si/(i 
of a liare to that of a //// / Closely allied to one 
aiKillier, or alisolnicly id(nitieal, are the torins which liave 
lurn d('seril)(sl nndm- th(‘ names of Ifjirnrotlunvm, I'nrhu- 
J^/inlop/nis, Lnj}Ju»flirriiiw, and rmpalnvlJirriv m . 
yiu'si' are Tapiroid genera from the hioeene Terliary ol tlie 
Knre])(‘an area, in wliieh the transv(‘rse ridges of the molars 
],ee.)nie broken n]> into transverscdy-arranged tnl)ei(des. 

In tlie Koeem' of Nortli America tlu* '|»la<’e of Xeyi/z/e^/e/? 
and its l'airo])eaii allii's si'ems to lx* taken by //c/e/c/cs .and 
'}f,irnriiiiHs (tig. 032, n). Tin' latter is strongly Tapiroid in 



its general ebaracters, having fmir ])ra'nndavs in tin' nign'r 
jiev (111 (aieh sidt' (as in 7b/o’/a/A, and either lliree oi loin 
lowia- jiraanolars. The ])ra‘m(dars, toe. resennde those ol 
in b(*ing h‘ss eom]»h‘X than tlu' niokn>. In tin 
Mioeiaie of North America few remains of 7b/o/e/e' liavt' 
^Hvii discovi'n'd, and those that are known appi'ar to belong 
t" the geinis 7byj/Ver/cs-. 

Wr iniiy i,ls„ pn.visionully i.l.cv luTi- a -v.iiij' <'1' AiuoriL-an 
'Sii'nc MiiiiimkiIs (dll' liiiniiihi/iilc- iil' I'rofi'ssor Marsli). 
an* ill inaiiv r..‘s|n'.'ts allii'il to tlio lapii''. 'iii 
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the same time so closely related to the that in 

the present state of our kiiowhalge, they mi^^iit he iiirludi.,] 
with e([ual pro})riety in either family. The cliiel' yeiiiis in 
this [^roup is I^ihutsi/ops, in which the teeth form an almost 
continuous series, and tlie dental formula was— 


i 




fill 


4 — 1 
4 1 ’ 



44. 


The iiutlars ai'(^ of tlie Paheotheroid ty|ie; Init the 
eaniiu'S were very lap-fe and ))ointed, and resemliled those 
of the (Airnu'oi'K. Lt m Hoh fim, also trom tla* hoceiie, dif- 
fers from the {iJa'cediiiLf only in the pattei’ii (d' the iiiolai' 
teetli. 3 he Ivoceiie lastly, resembles the jna*- 

cedin^' in many pidnts, hut, thoie^h hornless, shows points 
of relationship to the IlivntotlurliJa'. 

ludit. 4. Jlroiifiil/ii riihr, — We may provisionally place 
here the larya; fossil Mammals from the Miocene of Xoith 
.Vnierica, which Professor Marsh has d(‘scrih(‘d under the 
name (jt Jlrinifiil Iin'uhr, In these, the fore-fetd. have four 



'rij. Skull Ilf I'.roiitolln rill III iiKjinn. (Al't.f M.n^h ) 


nearly etjual toes, and th(i himPhad. thna*, thus niiiiua'ically 
res(*nihliii '4 tin; I'eet (»f tin; 'I'apirs, hut the third didh 
lore-loot has not the pnmtuiiiiuml (h'vidojinumt that it has in 
tin; latter. In siz(* and in the. coid'ormation of the skehdoii, 
the Ih'iniliillirriilir reseiiilrle, tlui Itlephaiils, hut the liinhs 
are much shorten’, and the, tail seeuns to have heem loiiy ; ami 
though the nose, was j)rohahly lon;^ and lle.xihle, there hues 
not apjjcar to have; Imen any true; [irohoscis. The skull 
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(sloiigaied, mid the Imiiii-cavity was very small, the 
n-ivhral lieiiiis])lieres not extending over the cerehelhim, 
and little or not at all over the olhietory lolx's. There is a 
|iair ot lnrL;e hony ])rt)tuherances or liorii-eores plaeed sym- 
nit'lrioally and transversely upon tla^ maxillary hones in 
liiilli S(‘X(‘S. Th(‘ nasal hones are elon^nted, and overlian^' the, 
jiasal eavity. Tlu‘ dental loriniila in Jlronlitllu'i'iinii is — 

o„2 1 — 1 1 i 3- -3 

7 ; r ; nm ; m =3<S, 

2 3 1-1^ 3-3 3—3 

The ineisitrs ari^ small ; and the (',aniin‘s are short and 
nut se]»ai-at(‘d I'roni tlu' ■jtnemolars hy any diastema, these 
laltia- 1)10112 mm h smaller than tin' nmlars. The jira iiiolars 
show two extmaial eonnate eus|)s and two closely -united 
iiiti'iiial cones, and the u])])(‘r molars have an essentially 
similar strueturc, whih' the lower molars an* of the Taheo- 
tliorian ty])e. d'lu* ehi(*f or'ims is Ih'onfDf In i‘i i' ui , with which, 
the Siiiiiliiii'ixIiDi and ol Ih'oh'ssoi' ( ope an* moi'i.* 

nr less entirely synonymous. 

The 'aoiK'i’a Ti/iniol III I'l 1/ III , and ] hcmiiuloii also 

heloiiy to this 2 n>^il*'^ 

F'ini. o. Pnl(tvf/nrl(l(f . — 'fliis family com]»rises a nuniher 
el' reiiiarkahle Koccne and Mioci'in* Mammals, whiih are 
relaleil (dos(*lv to both tlie d'apirs and the Kuiniln. dhi* 
tyi'e-yemis is .Piihroflirn n m itsidl, whii'h ahonmh'd nmh'r 
vrii'idiis speciiii' forms in tin* lMiro])ean area during tlu* 
'''iilier ]»ovtion of tin* T(*rtiary ])eriod. 'I'he I'a/n oflirrm 
l'oss(‘ssed h‘(‘t verv mucli liki* those ol (he lapirs, hnt 
tlieiv wnaa* only three' diyits to both lore*-teet and hind-lei't, 
Ihe) skull is also 'raj>iroiil in its characte'r. es]u ciallv in the 
I’l'eiiiiiK'iico of the nasal hom*s. Irom which it is eU'duced 
with 2 r('at jirohahilit v that tlu* nose* ]iosse's.sed a short meiv- 
lirohoseds. The* 2e'ne*r:d form also may he su])pose'el 
iiavc he*e'n like that of the* Ta])irs, anel the restoration e)l 
Filtiiif If /ii(nf)nriii (hivii*r (liu'. I*. > 4 ) e-xhihits 

^ •^inrricaii iiiila’oiit.)lo.fi.sts an* by no iiieans a^n'ot as 1o tlie nmiii't'r ol 
■"‘‘"''Ol' lypcs in tile llri>ii/al}i,ri(fii\ or evi-ei as to Ibe iinDirs ol these. .\s it 
iiiipossiblf for tlie author to Uroi.le this iiu.'stiuii oil its iiieots, he has 
'"''’I'b'd the naiiu-s used l>y Marsh, wlio has most fully elm idaled the yreup. 
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ivpicst'iitiHl ill lli(* KoCflu; Tertiary, while lln; general 
siriicture was precisely that a iAhi runn, the ])ra‘ni()hirs 

i-\liihit a siiii]»ler typo of striieture tliaii the true molars, 
^vllile tlu' lirst ]U'a-molar is ahstuit. 

Thi'ouyli A Hi the r<tl(( uilti ridw are hroiiyht so 

rldse to till' K(iiitdit\ that it seems ]trohal)U; that the two 
|Hissesse(l a common origin. 

Ftmi. (1. Mdcrnin iu niiht . It seems iiecessary ill the iiieaii- 
wliilc to estahlish a s(‘parate. lamily lor the rece]»tioii of tlu* 
curious hut still imjierh'cll y known Mammals which con- 
''liliite the yenus nrjunnn , tlie remains of which ha\e 

lici'ii (lisc(jvcre(l in the TlitaMUie or I'osl -Pliocene (lc])osits of 
the South American continent. Owiny to the I'act that the 
I riUis\'ers(.! processes ol the ccrxical Nertehra* are without a 
I'liraiiien tor the passage (»!’ the verU'hral artery, this ;inom- 
aloiis yeiius was oriyiliallv rehU’red to the ( 'n i/icl t(l(t\ and 
iiiiincd aocordinyly. It is <piil(‘ certain, howe\er, 1 hat the 
yeims must he jdaceil anioiiy the iVaassodactyles, as all the 
thfi ai’c threc-lo(‘(l, tlu‘re is a third troidiaiiter to the lemur, 
and the asirayalus resend»les that ot tlu‘ < hld-t"ed 1 nyulates 
ill lia\ iu;j, iio articular facet for the cuh<iid hone. The dental 
t'oi'iiiiila is — 



Ihciocih form a nearlv continuous si*ries ; the canines are not 
excfs,si\rly dev(dopi>d ; the imdsors hav(‘ a deep coronal 
I'it (as in A'/jinfs) ; and the lower molars rcsemhh' those of 
Idlit lit III in heiiiLf douhlv crescentic. 1 he ymicral lorni 
"1 the skull I'csemhh's that, of tlu* lIor,s(*s. 

7. Kijuidir {Siih'ihi or ,Sh//pzz//o\ -Ihis lamil\ 
'"iii|irises only tlu* exist iii‘4 IIorsi*s, Asses, and /ehras, 
"^''lally coniprised in the siiiLtle Li;i‘nus J’Jijinis ; hut aloiiy 
^'ith these we must placi* a. larit^' nunilH*]’ rtf I'xtinct lorms, 
"laiiy cases of an extremely inti*restiiii;' chara(‘tc*r. lii all 
'lia recent forms, oiu* of the most striking h'atures is the 
‘'''*''" tion of the di,i;its to a siiiyle ]H'rl‘ect toe (the third) on 
loat ; hut this character is not ayailahle in character- 
the family, since yarioiis fossil types show an incn-asi* 
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ill the luiiiiber of the dii^its. In all, howevi'r, tie; tliinl 
digit is pre-eiiiiiieiitly and syinnietriciilly developed, and tli(> 
foot is distinctly of the rerissodactyle typ(', while the riMimr 
has a third troehanti'r. Then^ is a diseontiniioiis si'vies nf 
teeth in each jaw the ])ra-inolars being always sipaiMlad 
by a wide diastema (lig. (131)) from the ti'eth in tnait nf 
tlu'iii — and canines an* nsnally jin'si'iit in the males nnlv. 
The d(*ntal formula, is — 

.3—3 1—1 /()— 0\ 3—3 3 — 3 

V : r or ) ; pm ; ill r3.(0 

3-3 1 1 \() ()/ ^ 3 3 3—3 

The incisors an* of moderate and e(iual size in botli jaws, 
and tyjncally {E'pnm and Ifipporiim) ('xhihit a dee|i ]iit in 
tlieir crowns; the caiiims ol* the males are nsiialh' well 
(IeV(do])ed, Init not tusk-like; and the molars are extreiiadv 
long. The outer side ol' tin* molars is deejd.v gioieed witli 



two ]iarallel grooves, the outer wall being thus (louhl^ 
eresceiitie in transverse sectiim, wldle theia* are two iiileiiril 
ridges eorrespomling wit h tin* external erescamis. d h<“ m> 1 
leys separating the eresceiits an* lilleil Uj) with ceiiieul. 
which the (*xternal surface is also coided. The lower iiii»Iai‘> 
are doubly cieseeut ic, ami presi'iit resemblances to th(‘ 
I'e'Sjiouding teeth in tlu^ I^ohinthn'lo . 

v\s re.gai'ds the range of the Etpiithi’ in titiic, the eailiot 
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known nieinl)(;rs oi’ tliis ianiily a|)|M*ar at tlio roininoiiooiiu iit 
(,f ilu* Iv.)CL*iie period in Xortli Ainoiioa, and in the Midillo 
liiul IJppei’ iwaanic*- in I'inrope. Tliese (il<l typ(‘s an*, liow- 
w'idc'ly r(‘in()V(;d in .sonic n'spi'ots rroin the. modern 
l[()!-ses, and tin* n'enns A’//o/.s ilsclf docs not a[>])(!ar till tlu* 
lalii iMioocnc or Lower Llioccm*. Lc reached. It is in the 
North Anie.rican (‘ontinent that we lind the most complete 
and instructivi' smes (>1 lossd ; tiione,'h no Ilorsi's 

axisti'd in the Kew World at tlu* time of its discovr*ry hy tin* 
Spniiinrds. It is in the fossil rorms of this r(‘; 4 ion, also, that 
^vo (j;iH trace most clearlv tlu* line ol coniun'ted forms through 
wliioli we may snp])os(' A'yu/cs itsi*ll to hav(^ (h'sceiided — oiir 
kiKiwleilye. on this suhj(‘ct having' he(*n largely increased hy 
llie (lisco\a‘rii*s ol I’rolessor Marsh. Many ol tin*, fossil 
/a/zo'dre are still only very partially known, and it will he 
.'iinioiciit lurre to olanci* at the more, important and hotter 
understood ty])es alone. 

Tlu* most amdent nu'inhi*!’ of the K'jt'iihr at ])n*sent 
known is the h'oliij>i)//s, discovered in the Low(‘r tuu'ene 
"1 New .Mexico h\- Marsh. 'riu*re is ;i complete sei'ies ot 
lirtli. the denial Idrmnla hcini; - 



’ i l ’ ' 1—4 d d 

lln* last inxeimdar r(*semhh*s ilu* praanolar in trout ol it, 
■'i^tead of the molar hehind it. Ihe animals coni]*risetl 
this ofiius wen* of small si/c*, — tlu* hnu'-teet possessing 
L'lr toes, ii'ifli K /Iii'uih in ad<lilion ; while tlie 

liiiul-leet have onlv threi* toes, all tlu* iliitits terminating 
111 llddl's, 

111 beds .slightly hi.Ltlu*r tlian thosi* with Ah/z //zyz/'s are 
‘"'>'"1 the remains of < h-nluj>iufs. This yenus comprises 
''iiiidl Ihpiiiid, animals, nearly allied to tlu* preci'diny, and 
'h'oiit as laryu* as h'oxes. ddu* lore-le(*l (liy. •'-)(, \) aie 

'"'“-hzed, the third diyit heiny the laryest ; and tlu* liiiuL 
h‘nt air* thre(‘Aoed. There is now no trace (d the nnlimen- 
^'"■y hellex .of Ad////yms; and the last praanolar ivsenihles 
I'ialars. The dental formnla, is the .same as in 
'""* fhe canines are laryu* and setiaraled from the prmniolars 
^'oh. II. ' V 
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I'V a luuu: (liashMna. Tln.-iv is iio aiilnihilal fossa, siidi ns 
exists ill ^[nrlnllii'nii m. 

Ill tlie Li)W(‘r Miocoiio of Xoilli Aiiiorica ^ve na'ct Miili 
tlie u'oiiiis tlio s]K‘ci(‘s of wliicli ai'o ahoiii 

larLfc as a sIkh*]), Iml with loiiuor Ic^s. The liiiKhfccl mv 
llii'ee-loe<l, as are llie lore-fi'et also, hul tlie laltor 
a “ splint-hollo ’’ (riidiinoiitarv metacarpal) repros(Mitiii'4 llic 
lilth* linear. 1 wo ol the jiraamdai's iiow nit ii'clv ri-'.iMiililc 
tile molars. 

lit lh»‘ { ]>|)or i\lioeeiie of North America JAsn/z/pyi/'s js 
replaced hy //yo/.s, the animals comprised in wliieli ;iiv 



rather larger than a. sheep. d'his yniiis is interiiiedi.il'' 
hetweell ( fi'nln jijnis alld A iir/i illn/'l i> l/i . (llllerillLl, ll'elll th' 
hii'iiier in the fact, that tliere are onlv three diedls te lli'' 
lure-feet, and from the latter in having im aninhilal lo"' 
All the, foot are 1 ridaetyhiiis, the toes heiny nearly "I eiiiid 
J^ii^e ; and the liiili- finyer of the hand fiinet ioiially 

\(‘loj.od in Oiuhifijnis is hn'c |•eplvsented l»y a “ splinl 
lione.” 

Allied to the preoetliny is tlie yelilis A iir/i i/ Iici’i H ni . 
I'ail'opean iMioenie, in whiidi thesjM'oies were ahoilt ii^' I'fU 
a sheep. In many points this yoiins exhihils j*alael lieiei'l 
eharaetn's, so that it is transitional hot ween the ai"^ 
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]\il(ri)tliiri(lir. IJolli liiiid and f()r(‘ An't (1]^. (km, I’.) uyo 

lliic(‘-t()t-‘d, all ihv. lot’s heiiiL!,- sulliciiMilly d(‘V<d()])(‘d to loucli 
tli(‘ nroimd, I'ul llit^ (‘(‘iitral toe (tliird diyit) is iniieli tlu' 
Tliort^ is likewise no s])liiit-l)oiie r(‘))n‘seiitiii;j; the 
lil'th di^it ill the hand; wliile the _l;(‘iius tm-thev dil'ters troni 
in liiiviny :i larye antorhital lossa.. 

Anolher iiii|KHlant Kiiiojtean type of K<iiii(J(r Jllppiirimi, 
^vlli(•ll S(M' 1 I 1 S to have Mhminded in Southern Kiiiope duriny 
lli(> liihT Miocene and IMioeeiie jieriods. In this yenus, the 
skeh'tmi is like lliat of tlie Horst* in its yt'iieral eonfonnation ; 
Iml the 1'ei‘t, thoiiyh ruiietioiially siiiyie-toeth are aiialoinieally 
lliive-loed. The (vntral toe Hhirtl diyil.) is now (lit* only toe 
which touches the yiouiiil (liy. h::7,f ); while tin* second and 
feuilli diyits, tliouyh visible externally and ruiaiished with 
>-iii;dl hoots, are so much reiliiet'd in size as to liavt* taken no 
pii'l in su]i)tortiny the weiyht ol the hotly. Ihe teeth art* 
vi'i'v horse-likt*. hut an antiu'hital los^a was ]H't*si‘iit. 

Ill tilt* Lower ITloeeiit* ttf North .America, tlic ]ihice til 
U ! !' mil is taken hy / jijnm, soiiit* ot llu* sjiecu*^ ot 

wliich etpialled the Ass in si/t*. while the structure ot the 
icct ivseliihletl that ot II i ji/m rm,i . 

Ot the til her I’litieeiie horst*s tit Aimuaca, tht* only one ot 
i ill] lort aiict * is f^/iulnjifii'^:, ill which the loot has tin* same 
stnictui'e as in Fjijiius. (liy. (i37, I'), d hat is to say, tht* ieet 
liiivt* onlv a sinyle tunclitiiial toe t*aeh. and the st‘cond ami 
h'lii'lli toes art* onlv rt*prt‘st*nteil hy i iitlimeiilaiy sjilint- 
huiics,’' ctuiceah*tl hent*ath tin* skill, 1 lioiiyh ayretuny with 
Zhy/o/s ill tilt* structure ot its teet. /Ve»/o/»/i."s diltei's Iroiii thi> 
!-l''iiiis in ]iossi*ssiny a larye antorhital ttissa. and in ha\iny 
'"I adtlitional jiermaiit'iil iipjier pr;emol.ir. the dental hu'mula 

hfilln- _ 


1 I 
1 I 


jllll 


■I --I 


Id. 


l-iistlVj the yenns itsell seems to ha\e math it> hi * 

T'l>''ai'ance hiwards the dost* ot the Miticem* or the coiii- 
^“'‘"'■‘‘luenl ot the IMiticeiie peri.ith In tin* Ohl M «>rhl the 
•l>p('arance of true Horses 


lirsl, 


seems tti he in 


till* /v/o//.> 



OKDKliS OK MAMMAl.lA. 


:; 4 () 


Slnz/i iisis ol' llio SiwAlik Hills, in (le|Kisits which arc iisinllv 
I'cL^ardiHl as uf r|)|)cr Miocciu* tli(iiii;]i I hen- is h(i,„[ 

reason for ratlier rc^'ai'iliiiL; ihciii as hcloiii^iiiL;- to llit- I'lio- 
cciu-. In tin- I’lioccnc of Kiiroju.*, North Ainciica, and Sdiul, 
Aiin'i'ica, tin* n'ciois is well I’cjtrcsciilcd ; and the E^inns 
fdssllis; of the hosl-IdioceiK- and lh-c(‘nt ])ei'iods is spccilicKllv 
iindistin.L;iiishahle from tin- i-xistinn,' Kijti ii^ vdhdll ns. 
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rxcrLATA irnniiminii. 

Ai:ti<>I).\(TVL.\. 

SiriioN J’). A i:Tln|iA( 'rvi, — 111 this sci-iiidi of the I'linu- 
lllti'S thi' Iii'iiihi i' uf fin /(H .< IS CIS /I cif/n C f K'n aC JiiilC — (dul 
I In' llllCfl fni nit is>i‘/i fnni fni'nls H si/ht iiicf I'inil jiniC till' 

Jnniili C'. The <locsn-l II iiiliif r rccfchco nee iihicfccii 

III iiHiiilicc, n till llincc IS III) fhii'if f I'ni'hii Ilf re HU fill' JeiHiie. If 
feiii' Jmeiis nee jieesenf, these nee nlimiis m iinies, miif nee siiji- 
jxiiiril In/ hmiif hneii-i'iiees. The niifhi's vj the Deee nee n/sn 
J'li I eeit T>ii t fhri/nee iinf tn Jn eei/neifiif H'l f eiir hneiis. The sfnm- 
iii'li IS nlii‘ni/s iiiner nl' less riiiiij>fr.i\ ne Is ilii'nleil iiltn si'jineiife 
mill jin et iitnifs, n till the enenin is i-iiiii jin ei't t eel n snin/l niiif snu/ile. 
I'V l\( iw:il('\vskN- llic A ef inifnef nJn , rdcciil aiiil rxtilicl, iil'i' 
into tAvo orrnl L;rou|>s (ir srrtiniis, in iUMdiihiiiri' with 
ill'’ ii;iliii'c of l]i(‘ iiiolnvs. In llio <iin‘ sc'ctinn [Teh noihinfn) 
'll'’ l'‘rth ;iiv crrsccntic, :is in tlin liviinj.' lluiiiinnnls and the 
''xtiiict ^ \ iinp/iif li,f‘iiln . In the sncitiid n.i'(Mi]i ( /!ii iinilneifn) arc 
'lie living ! fi jiinijuitn iiTnIn and SiuiIh. in wliicli the teeth lane 
'iilieivulati'd evowns. 

'he section A et inilnef ijln e(»in]tl'ises the 1 Ii])]inj)()t amns. 
*1"' and th(' whole i^roii]) of the Ihiininants, inelndin- 

"xeii, Shee]t, (Joats, Anlelo]tes. t’aniels, Llamas, ('iralles. 

I'v’e. llesides tlu'se theiv is an extensivi' serins ol tossil 
i'onnnenein '4 in the Koeinie or Lower Ti'rtiarv iieriod, 
'"111 in many ix'speets lilliny np llu‘ uaps ludween the liviny 
'"rills. 
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Fan). 1. 1 / 1 pjiiijKif <f III i<i(f \ — 1 liis n’rou]) coiitiiiiis only thy 

siiij^'le Nvyll-iiiarked !j,cinis /fij>in)^)nliniiii>i,v\\iU'i[(A\msL‘{[ ky lliy 



iimssivc heavy IhmIv. tin* sliurt hluiii iiiii//.l(‘, the hivie 
and tin* {iresenee (if teeth ol’ ihi'ee. kiiiils in hoth jaws (ll;i. 
«) *» 

ij.'tSj. Tlin incisors are ” tlie canines e\ti'eniely hiiyr. 
' and the molars ' ‘ or'* erowns adiijitiMl 

1 — 1 7- -7 Ih -f) 

tor Ltritidine; \(*u'etalile sidistanees. The ii|i|iei' eaiiiin'S :in' 
(■(Miijiaralivel y short, Ind. tint lower eaiiines are. in the, loim "I 
eliorinons tusks, with a. eliisel-sha|i(*d cdye. The leet :iie 
massive, and ait* teiniinated liy lour iiooled toes each. Il>'' 
eyes ami ears are small, ami tin; skin is (*.\tremely thick, 
is t'liinishetl with tew hairs. 'I’lit; tail is veiy short. 

The niolai' Icel li in the. 1 1 i])|)oi)otannis art* tit tlni hunothmt 
tviie, theii' eit»wns heiiiyi, tuheivulatetl, aiitl wearing dtiwn 
with nsi* sf» as to |trt)thiet* a, eliaraeteristie ihtuhle ti'cl"il 
jiattern (liy. hdD). The niimhei* til’ ineisttrs \aries, as reyanh 
tin* low t*r jaw. In tla* liviny I'orms, Jlii)iiiiiH)f(fiiiii>i 
has tour lowt;r iiieist)rs, anti lM*lttnys, th(*reron‘, tt) a suh- 
yenerie. yrttiip, which in(*lnth*s also most of the. lossil loHS"'. 
anil W'hit:h has heeii (•alh*tl Ti f nijirnliHlnii. Tin*, only othei' 
iny meiidter of the lamily is tin* small Lihc'i iaii 1 1 i])|)ot")laiiia^, 
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'FIk^ snout is tviincMliMl :ui<l (‘vliinlriciil, iilted lor turuing up 
ihc grouixl, :ni(l is capaldt; ot considoralile inovoniont. Tlu*, 
skill is inoro or l(‘ss alnuidaiitly covorisl witli hair, and tlui 
t:iil is vtM'V sliort, or ngnusiniliHl only hy a luhercle. 

As rcpivsontod at tin* prosinit day, tlio family ^u'uhi is a 
v(‘iy ^v(dl-nlal•k('d and distinctly ciivuniscriliod grou]) of 
AvLiodactvli's ; hut wo moot with a largo nnnihor of OAdinot 
lyjH‘s, oomiiKmoing in tlu; Kocono Torliary, wliioh show more* 
or loss gmioralisi'd oharaotors, and romh'r it dillicult or im- 
],()ssil)lo, in tho ]»r(‘sont stah' of our knowlodgo, to shar].ly 
soparat»‘ off the* family from tho Ifii)i>oj)(ifiiiii uhr on tho ono 
liiiiid, and tin* A <01 tin" othor. 1 ln‘r(* an*, 
nnm^ovor, oxtinol ty])os with many Suillino alfniitios, wliioh 
show ])oints of ros(‘nihlanoo to tin* Kuininants ; and tliore 
;,i(‘ others whioh it may ho hirst to ]>laoo ].rovisioiially in 
s(‘]iarnto gi'mips. 

'fin* gi'iins >SV.s', oom))rising tho living Wild Hoar and 
(iDiiiostio I'ig fNV.s srriif» \ may Ik* taken as tho typo of tin* 
lainilv ; and its pt'rmanont dental tormida is — 

3 11 3 3 3 -3 

/ ^ ^ ; 0 ; inn ^ 

Tin* low(*r incisors are inclined foiAvards liig. 341); the 
oaiiinos of tho males are tnsk-liko ; and tin* molars have 
l.road crowns, with two transverse* ridyos (throe or more in 
luiinlu*!* in tho last nmlar), which aiodixiiled into ronndod 
tuh(*rel.>s. In the Poccarios {Dlmlnhs,, tin* loading Sudlino 
type* of the Now World, tho incisors arc rediieed to tour in 
miiiihm' in tho n]ii)or Jaw; and tin* molars, though still 
(lisiinrtly ,,f the hunodont. tyiK*, present more conspicuous 
traiisverso ridges, which are loss markedlx tuhoii nlati d than 
>'i Non (tig. (’.42). On tho othor hand, in some ol tin* older 
'fertiiiry Sni<ln wo lind that tho molar tooth oxhihit char- 
iicters int(*rmodialo hotW(*on tho hunodont and solonodont 
tvpes, thus loading us through tho family of tho Oroodonts 
to the ti'uo Kuininants. 

In the genus Sn.'i thi'ro are lour toes to all tin lu t, 

111" mid r.uiiHi ili-ils I'l'vni a I'miHiniially drva.i|K'il 

mid syiiiiHcd'iral liuir, wliili' tln‘ soi'iiiid and liHli diyUa au 
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nulinu'ntaiy and do lud tniudi (In* ^Li'nuind [a 

llu'. livin^L;' I'l'ccaric's a.i^^aiii, the I'orc-t'cat am tlia 

same as in Sus ; lait tlie liind-leet lua-ome unsynmietiical 
lay tlie leduetion nl' tli(‘ til'th di;4it to its metatarsal. In iIk; 
Micceiie Hli)lhfriii m tin; dibits on eac'Ii lixit are reduced te 
tlie tliii'd and I’oiirtli, tlie seiauid and tirtli heinef I'ri'stuil oiilv 



(Ath r (aclifl.) 


in till' Idrm of rudimentary “ s|ilintdMim*s,’' eoneealeil beiiealli 
the skill. Lastly, in many of the (dder '!'eiliary Stiidu tlieiv 
apiK';!]' to have been four funetioiially-us(d'ul toes to all the 
feet, the second and liftli die^its reiadiiin^ the ,uround as well 
as the third and loiirth. 

'file yeuiiis itsidf appears ti» have eomnimieed in the 
.Mioeeiie Tertiary, with the AV.s Lorhurti and S. r//e /eeA.s of 
the i\li<ldle ,Mi(M'ene, and the X n III ujH X iiiiifin', a lid /V 
< rilnni Iitlnii.'^ {)\ the ( pper M ioeeiie. The last llli'Iltiolied el 
these is a very larye Wild I'.oar which oeeurs in the Teiliary 
deposits of I’ikermi in tln-ece. in the Lpper Llioeeia- el 
blaliee we meet, with the X/es e/uv /-//ez/.s/.s', and the. li\'iliy 
X//.S .so'e/h appeal's lor the (irst lime in the Lost-i'lioeeiie 
llepo^its of Liiropt*. \o species of (lie oeiius Sus ha.\(‘ as 
\’el b('en deteeleil in Xoflh .America. The ecliera, /'e/ae- 
(liirni.s and llijiiliii riiini of the Liiropean Miocene resemble 
X//.S propf-r in most I'csjieels, hut the tiibendes of th(‘ na'hir 
teeth am more dislinetly eireiimserihed. The Mioeeiie 
A III filnrlm riis resemhhsi the tw(» j^eiiera just mentioned, aial 
diltered from Si/s in not liaviiiLt tlm last molar exeessivelv 
devidoped, and in the simpler tyja; of tlai tnhereles ol lb*' 
molai- te('th ; hut it posse.ssed e.xtreimdv lonyf eaiiines, wlnVh 
were directed downwards in the iippm' jaw. llelow the 
.Miocene no Pi;^es of the. modern type Inive been as yet traced 
in the Lnropean area. 

The I’c'ceary (IHnifif/i-sj, as ulready meiition<‘d, is ih'' 




UMNIVoiU. 


:'A7 

1vi>ir;il Aiiioricaii I'i--; and in -lanciiiLj al tlic rorms that 
jnvccdt'd it in linu', wo cannot do hotter than <jiioto tia* 
iviiiarks u))on this snhjoct inado l»y I’l'olossor Afiirsli. Aftoi- 
slnliiiLi, that tlu! olih’st ^\ili(»dact\ lo I nyidatc? as \’ot known 
ill Xoith Aiiici'ica is the Lower Imk-cik* h'oln/ns, ami tliat this 
IS an ancient repres(‘ntali\'(* ot iIk* tins <listjn^'nislied 

jiaheoiiloloyist jiroccM'ds as follows :L 

" In lli(‘ beds aho\(‘, juid jmssiltly on the same horizon, 
llui i;eiius J frltili jfHs is not. niicoiiinion, and several sjiecies 
:ii'(' known. 1 h(' molar teelli ol tins i^'eiius are \'er\’ sinnlai' 
Id these ol the I'.ocoiio 11 iji'iutil In ri m ol Klll’ojie, wliicli is 
^Iip|i(ised to he a I k'rissodacly le, while l/rlnlitjiis ceitainlv is 
not, hut apparently a liau' lineal ancestor of the existing 
I’iys. Ill every vimirons priniitiw' type whii'li was destim'd 
te sur\ive many ueoloyiciil ehaiiLies. tliei’e seems to haw* 
h(*(‘ii a tendency to lhi-uw off lateral hranches, which hecame 
liiahly specialised and soon died mit, hecaiiso tliov Men' iin- 
■'*'1'' h) adapt theiiisi'lves to new conditions. The narrow 
k'ft* the persistent Snilliiie ty pi*, t linuiyhoiit the whole 
lortiary, is sti'ewn \Nhth the I'eniains of such amliitioiis off- 
.diijols ; while the t\pica! Ih’u'. \\illi an ohslinacv never lost, 
held on in spite of catastrophes and e\ttlutioii, and still 
in America to-day. In tlu* Lowt-r Locciie W(* have 
'll'' .umius /L/v/Z/y/os', a])parently one of these short - li\'(*d 
d'*''‘iolised hranches. It attaiiu'd a much greater si/e than 
lineal forms, and tin* numhei* of iis te(‘th was much 
In the 1 tiiioceras beds, or Middle Locem*, we lia\i* 
*'11 "!• near the true lim*, /AA7/////S, which is the last of 
tlic Series known fnun the American Locem*. .Ml these 
'‘'irly Siiilliiies, with tin* possihh* (exception of I'n ruli ijns, a|»- 
l"‘iir to have had at h*ast four toes, all of usahh* size. 

^'1 tlm Lowu*r Miocem*, wa* iind the yeiius 1) rrlm /‘i/s, 
■''''I'liiiiiulv ;i (i-n,, Siiilline, and with if remains of a larger 
ninth are ahiindaiit. Tlu* latli'r yi'iius occiii's in 

^*'ii()p(. horizon, and the sp(*cimens known 

*'*i<‘h eontinenl ayrei* clo.sely in i^c'iieral eharaefers. The 

^ ^ ll‘lr()(Iuc|inii iiinl SuccrssiiiM of Veil l-ifcill .\ liirliia. .\ll .Viiillf.s.-; 

hctni-,. Anici ic.iii Assoiialioii fur tin* Atlvaiici'inriit ul Si'ii lu’t* : 



t’XcaiLATA. 


;548 


h;,sl. 0 (Mi applinl emauM.HsIvlo so, nr- m 
■■ mevicut, forms; l,„t tl,o simcinmns o„ wi,ie), it „• ", ' 

flearly holony ,o Eh,y,i„m. Tins .m„„s 
--nply T the ahornn.l Isho.iis, alrJa h m,.mr'''T 

fv--' 

'•'"-s' ill |,„lono 'to lim o,'nmr’7? ■ r'm:',',i"i','|';."','t i,"' 

t(vtl) iilli] •) fPu- <1 ' r • Jl'llliluT of 

i.i- ’ ' (‘luiractcj's h, n 

I llocciK' Su llino^ ..I'M .f.-ll -"-n.MKjs. in (|i,, 



iiiPssi 

tliaii ill tl r • V ^ 111"!'' siiccialisiMl 

iwituros S il'"r 

0 ^ V ,or..xa,„,,h.,as,ro„„.,„l- 

: '’-t-'-VHiarv, a,.,, ;i,:' , i , 

-'ll I me P.reane.” 

or n,.xt.,lan,.oalaar,„„,, 

S .il i "hi,. I, hav,. ,s, 



; ' ' I in a, ,„.n..ralis,.,l Ion,;. 

i;:,!,,,::;::;;: 

■iiilliriirll ■ """! I’in'iiin. Ill Ihosi' Iransilioiial roniis 

s,,..,.i,,iiv sn,,ai..,i 

•‘siiilliMos 'll'i'"" """'" n''i’ iimlmh:(| a ot Aliori‘ii,' 

. ^ ';'"'’||iMM in whii-h (h,. ilonlilion is ,.om,|.I,.|,.. 

"11. nii'lsors hoino sin. no II., ■ . . 

"lolars (li... 'i’;,,.. ^ Mioiioralolv lari;,., aii, I 

Wiliell flrn. i '''■ 1 *’ Mh! IaVO 1 ITI I I,SV(‘1'.K( ‘ ]<)!)< S 

while II ' erowns hrokennii iiilo fonr liil.en'li.s, 

"1 .1 ' "" n-a.s.sorv lil'lh tnherel... TIh' 

^/loiivm/imiii.s 0 l the Koee,,,, Tertiary shows |,oinl.s of r,.se,N 
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iilaiicc' to tho moduli roccaiy, :.s well as to A at hnuvihfrlu m . 
TJi(‘ dental rormula. is — 


• d--:;. 1 — ! .1 1 

M 1-^1 : J — 3 


Ul 



.. 42 . 


TIieV(‘ is thus a i»raaiio]ar less in tlie lower jaw lliaii in 
llie jiiecediii- nemis. The eaiiiiies aiv of siiia'll si/(; ; the 
iiKiIiirs Imve four ])riiiei]>al tiihereles, the last lower liiolar 
haviii- Iwo additional aeeessorv tuhei'chas ; and the ]»attern 
i>l‘tlie j.rieiiK.lars is simpler than that (d‘ the molars. 



^he n(ijjnj. II !,} us, \\w i'loeeiie Mild 1 .owm* M ioemae 
>*y-irded liy Kowalewskv as the ty]H* of a, dislinet 1am- 
') (tlu' U jinputu nAuhi ) \ hnt it nndonhtedly possesses close 
''diiiilies with the yciieia just noticed. The dmitition is 
|'”"l''''te, and ,,r a ,iteneralised scdenodont 1 vp(‘ ; the molars 
' ' 4 hdd, |{) terminatiny in jyramiilal lolu's, tlie summits of 
“'ll aiv ni()d(>ra,tely sh:ir|), and tin* valleys between whiidi 
not lilhal in with cement. Tlu^ crowns of the lower 
exhihit donhli! crescents, with an internal tnheieh' ; 
^lin upper molars jio.ssess an accessory lifth luhe. The 
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liM't iii'o tyj)i(“n]ly Ictnidaclylj’, tli(‘ lalaa'al toas licinn' ^vcll 
(la\ al(i|HMl ; hut in soiiu' thniis { Iflplopi/s) tli(‘ stM'ond imd 
til'lli (liyits are wantiiiy, and llir Ihot is two loud, 

\\V ]iav(‘ noxt a yi'oiii) ol‘ small t’oc'cm* and Mine,.,,,, 
Mammals ftlia A'ijtlnxln/if iJrf \ wlnVli have allinilius wilh the 
preeudiny forms, and also with tim I'ollowiiiy yroii]) ul' ili,. 

((‘Specially to JAi-llnhiinr and ! ^lehoilmi) \ lull 
wlii(‘li likewise (‘xldhit relationslii]»s with the Ihiiiiiiiiiut 
yroU|) of ih(‘ TnojiiHihr i ( 'liovrotaiiis 1. The yemis A'ijiluAnn 
ilself eompia’ses small Ai'tiodadyh* Mammals, with diiliict vl(‘ 
I'eet, a slioil tail, and hjiiy and slmidei’ limhs. The deiililimi 
is comiilelc, th(‘ teeth I'ormiiiy a continuous seuVs in hulh 
jaws, and the canines l»einy of small size. The molai's (tiy 
t'»4d, F) an* of a ymiei'aliscd seleiiodolil 1,\'pe, the lown 
oiU'S, lia\iny “two pairs of cicsccnt ic lohes with the eitmcx- 
ili(‘s turned oulwanls" (<)\\ eii). ( '<< i ,itifln rin m iiiehides siii.ill 
h'oeeiie and Miocene Mammals, also nearly allied tu llic 
Ti'inii'l Iihi\ which reselidile the piveediliy ill most respects 
hut have the lateral toe^ developed on all tilt' fe(*t. d/ere- 
llnniiiii, of the Miocene Tertiary of Miirope, is also \-(‘iy iieiii 
to the true ( 'hevrotaiiis, hut it differed from llu'se.aiid iiynnl 
with the ](recediiiy yeiiera, in haviny a coiiipleli* dent it i'Ui, 
tlie dental formula heiny 

i i -i i 

/ , : nm : m t }. 

:: 1-1 l l ;i 

The Upper molar teeth ha\t‘ thret* posterior cusps and twe 
anterior, as m i^iiiiKillirriiiiii and 1 hrliolm in'. The preseiirc 
ol t)ii> addititmal jiosterior cusp in the upper molars is ;i 
eharaeter shared also hv the iiileri'sl iny ! louninKhni ol tk' 
( ppei hocene ol' \orlh Ani(‘riea. wlnddi has a ymn'ralised 
S'-leiiodont dentition, tlnniyh in other resjieel.s allieil fu Ih'' 
Suid:i. 

him. d. A iiiiiilnUin'iild . — We come next to the hunilv el 
t he A iiofifnUii'ridd , which, in I lie pre.seiit stale <d <'ur kiiew- 
ledye, can with dinieiilly ht* limittMl lu’t'eisely, nr sharpl.' 
separati'd from sonn; of the. yroiijis just nolie<‘d. Tliet.'I'*' 
of this yi'oup is A iniiAnl hrri n in itself, of wliiidi tliel't' aiv 
01 ' three spe(;i(*s known from (li*‘ I’pper Jdoemie ol i^airept'- 
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ns tliat of A iKiplollH riii m , is stntecl to li:ivo tridiK'tvle 
and would thus sooui t(» ludoiiL;- lo tlio I’erissodact ylo section 
Ilf tlu; I'lijaulates. 

Of llie other Aun|)l(itliei'(»iil iteuera, we need only nieiition 
] Arhoibui and Itoth of wliieh liave uiiirk(‘d rel:i- 

lions witli the Xi/flmiltiiif H/(f\ and thi’ouyli thi'se witli tlic 
Kiiiniiniiit yrou]) ol' the I'hiA rotaius {T/'<f;ii(/i(l(r), The nv,,„^ 
l)ir//iA/!in\ in j'arlienlar, is uearlv allied to Alpltdihiii , llu‘ 
])i;eniolars heiiiy eloiiyated from heldre haekwards, and, cx- 
('(‘['t the last, suh-treiiehaiit. Thei'e is. howe\t‘i'. a sliylit na]' 
In'tweeii the eaiiiues and |>ra-ui<ilars. Th<* yi'Hns is from the 
I'ioeeue of Jxnro|>e. In the u*‘uus hirhiidim, also from tlic 
hoeeiie, the deulitiou is likewise eonijtlete. and tin* mohiis 
(liy. Odd, 1> aud K) have foiir-lohed erowus, the eiis])s of 
which ai'e sharp and eouical, while the eaidiies are small, ami 
ditfei' litth* in size aud form IVoiii the iiicisoi's. 

Flint. 4,. I irmilinitiiht The last <tf these transitional yroii]’s 
of Art iodaet vies which ixapiires notice is that of the 
ilnntiilii\ c(.>mprisiny a nnnd»ei' of curious rnunlates liom 
the Miocem- and I’liuceiie Tei'tiaiw <.f Xorth America, which 
stand midway hclweeii the Si'iiln and the Jtiiiiiliin/ilt". 
and haw* therefore heeii appro|»riately termed ■' iiiminal iny 
hoys " hy Leidy, thoiiyh we have no actual e.\id(‘nee‘ to shmr 
lhat th(‘V really “ ruminated. ’’ In ilrunlini , the lypf* of the 
yroiip, we hav(^ an even-toed Cnyiilate, in size ahoiit e(|iml 
to the Sheeje and with eharaett'is allyiny it to the Fmiht eii 
the one hand, anil the I»eer on the ollu'r. The feet weie 
tetjudaclylons, and the metaearpnls and inetatai'sals wei'c imt 
ancliylosed. The dentition is eoinjilete, tin* dental formula 
hi'iny -- 

• d-d 1-1 4 1 d^--d 

!- ; C ; pn! -- ; m 4 4. 

d-d 1 — I 4-4 d-d 

4 III! incisois are of small size; and the eanines are larye, 
trihedral and worn liki! those, of the Tiy, and separated hv a 
diastema from (he jira inolars. 44ie. pra*mohiis and niohira, 
on the othei' hand, are of the Itnminaiil; tvpe, th(! loi'iU'a 
e!\hihitiny one ei'eseent, and the laltei- haviny the reyuhii 
donlil)-ereseentie form of (he typical Seleiiodojit Artiodar- 
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tyles (fig. 645). Tliere is also llie anomalous (iliaractor tliat 
“ liirniiers ” or “ toar-])it,s ” existed below the orbits, as in the 
Crrnihr. Orcnthm itself is a Miocene genus, as is the much 
larger Eporrodon. In tin; IMiddle Miocene we have tlu' 
Oreodont genus Af/riorJt(rn(s, wliicli has strong relationships 



I'l-. til l. CiitiiliiiL.' smf.iiT Ilf llir iniil.iiN .-iinl iuh iiimI ir> I'li flic Hglit ..idc 

(if Om iii/.ii/ iiiiijnr. .Miocene, Norlli .\incrica. (.Xt'lcr I.citlv ) 


with the J[/fi)p<if(nin/^ of tin* h'uro])eim Koceiu' ; and tlie 
laiiiily is continuf'd into the Pliof.'em* by tlu; geiu'ra JA/v/- 
rlii/iis find Ml rip-orlm riiH, fd'ter which it disa])))ears idtogether. 

KrMlN.\NTl.\. 

The last section of the A ri 'iodacf ph' rngulates is the great 
iiiitl natural grouji ol’ the JAmi imndin, or Ifuminant animals, 
fliis siM'lion comj)ris(‘s the <).\en, She<‘|t, Antidopes. (liralh's, 
bef'r, {'aiiiels, A'c., ami is distingnislu'd by tlu' ti>llowing 
t'haracti-i's - 

I he foot is what is cidleil “ clovmi, ” consisting ol <1 sym* 
•iieli'ical pair of toes encasetl in hoofs, ami looking as it ]»ro- 
dneed by th(' splitting into two (Mju.al jairts ot ii single hoot, 
ill fidditiou td these functional toes, tluu'e, an* usiudly two 
^'fiiillcr lateral digits jdaced at the back of tlu' toot. The 
"letacarpal bones of the two functiomd toes of tiu' love- 
dial), and the metatarsid bones iff tlu* same lot's ol the hind- 
(exci'pt in Jl i/i>iHi)S('It ns), coalesce to lorm i\ single boiu'. 
as the “ canon-bone. ’’ 4'ht^ stomach is com]'lex, and 

diviih'd into siweral eompartnients, this In'ing in aceord- 
with tlu'ir mode of ('ating. They all. namely, rumimite 
'"’“‘■•lew the cud” — that is to say, they first swallow their 
in an unmast iciitcfl or ])artially-masticat(‘fl condition, 
'^I'd than bring it uj) again, after ;i longer or shorter time, in 
to ch(.w''it, thoroughly. 

VoL. II. ' ’ / 
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Tin- ilenlal fuiimila, tlioii, Tor a tv]>ical liuniiiiaiit animal, 

is--" 


0 — 0 n— 0 



The tle|iai'lun;s From lliis typical I'oriimla oea'iir in ilie Ctint- 
the Tr(iiiiilitla\ ami in some of the Deer. Almst of tlie 
I leer cenform in tln'ir dentition to tlie ahove I’ormiila, hnt a 
lew i'onns ly.//., the Muntjak) liave canine te(‘tli in tin' upjici' 
);i\v. These iij)])ei' caiiim's. however, ar(5 nuKstly (‘onlined to 
die males; and il' tlu;y oceni' in the teniah's, they am of a 
■'1111(11 si/.e. T'he dentition of (he < ^dmclido' ( ( 'amels and 
Uaiiiasj is still niori*. aherrant, there heinu two canine-lik(‘ 
ii])|i(‘r incisors and iijiper caniiu's ns wtdl. T'he lower cainnes 
iilsii ar(‘ more ])ointetl and stand iimre ('rect thiin the lower 
incisors, and slit.;htly separateil from them, so that they aiv 
easily r(‘coynisahl(‘. T'he ^loiip of tlu*. Jitniiiunit/id includes 
the families of tlu‘ CninrHild (( 'amels and Llamas), the '/Ve- 
iliilithi' (( ’lieN'i'olaiiis), tins ( \ I'rnhf ( 1 )eer), lla^ ( nu'topd nlohdo 
t'iiatte), and tin* dtf riioni In ((Kt'ii, She(*p, (doats, Anl(*lo]i(*s). 

It. (\tiinli(hr {Tjilnjn)il(().--~'Y\\{} Camels and Llamas consti- 
tute ill many resp(‘(*ts an aberrant ^roup ol‘ tin* Iltnii Itn/iif In, 
''d'^‘<Tilly as reyards iheii* dentition and the confoiniation of 
tilt* tc(‘t. 'The up})er jaw (liy. (MT) carrit's, in tin* liviny 



three teeth on each side in front, se))arated hy sliyht 
’"tervals. T'lu* most anterior oi tliese is a. conical incisor; 
central one is a caniiu*, and the hindmost is the liist 
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])i‘ii'niolar, wliioli is sopjirated ])V a wide ,i^a]) from tin' rest nf 
tlio iiiolar soi‘i(‘S, and is ])oiiit(‘d in form. In tin' lower jaw 
tliere is also a (‘aidin', ])lae(nl a little luddnd tlie iiieisor.s, ami 
a d(‘ta(‘lied laniariform jmi'inolar (the latter sometimes ali.seiit;, 
111 the Llamas tlu'se isolati'd pra-molars are wanting;. In tlu* 
living the uj)|>(‘r incisors, as we have seen, are re- 

duced to two in inimher, hut in some of the ('xtinet types 
of the I'andlv (e.//., tin' Llioeene J^rofolah'n^) w(' tind that the 
si'i'ics of incisors is complcti', Ixeino six in numhi'r in I’aeli 
jaw. 

The foot in tin' ('titiirlhlfr tei’ininates in two tix's, furnished 
with ini]»erf(‘ct nail-like hoofs, and the second and tiltli tecs 
ai't' wantin;i. In the Mioc('nc Pni'Jinillii'nii m tin' nietaearpals 
and TiK'tatarsals remain distinct from one anotln'r tliroupiioiit 
life (as in the living’ Horns are n<»t known to 

have been devi'loped in anv of the Ca mrl uht. Tin* (^niirhiln 
mak(*. their first ajijtearance, so far as known, in the Lowi-r 
Miocein* of Xortli America, wln'n* the family is rejireseiili'd 
1)\’ the Lft'iiera P(>r})i'i)f}iirniiii and J^i'ntoiinrjfi'. the loiain'i' cl 
tliese ha\ iiic’ the emhrvonic. cliaractei', that tin* inetapodials dc 
not eoah'see to form a “ carnui-hone.” hi the < tld Woihl, "ii 
the otliei’ hand, the first recorded a.ii|)('aiance of the Ptmnhthi 
is in the Siwatik deposits of India, whi( li are cviieiallv iv- 
; 4 ard('(l as of Mioct'iie ace. Here, we iiK'et with ihr 

existiliyf yelius PdnuJiis. In the Llioeene de])osits ol Noi'dt 
Aniei'iea we have a, nnniher of extinct ly]H‘s of the reae/zd" 
Of these Zhvavz/ar///, S' (tiLf. 11 and cj seems to ha\e v- 

semlded the ti'iK' f aiiiels in most, resjx'cts, and om' speides 
ahont as laiyn* as the ('xistiny^ ( 'annds ; hiit tln'i't' were lain 
pra niolars on each side of each jaw, insU'ud ol thi'(‘e aiil\. 
d’hoiiah characterist ically I’liocene, this o(>nus has alsohmn 
loiind in the Miocene of Xorth America. Jfniiioriniirh'^ 
senihles the precedini; ill some res])('cts, hiit has laryecannu^ 
and isolated lirst uppi'r pra-molars; while sliav^ 

some pemdiiirities in tin* structure, of tin* molar tei'th. 1" 
the Lliocr-mr of South America we meet with the two ('xti'"* 
p;eiieric ty|»es Pohtolamn and (■uinrlolhtriinii ; and tin* liM>i,.n 
; 4 c,nus Aifrlimia, (aunizi-isinif the Idamas and Alpacas, sc ai^ 
to have come into exi.stence at tlie same time, licniain^ ' 
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Ai((‘Jinii(f arc found in tlu? l)one-(*;ivos of Jirazil, and in 
iho J*o.st-T(‘iliary of North America (fi^^ 048, .v). At tlie 
present day the Idainas are exehisively eontined to South 
America, ])ut tliey seem to hava*. ahounded in the (^Hniternary 



I'iL'. \, Fii^l mnl;ir ol Jmln nhi h,.si, i n", \ir\vnl tnnii ;il'<tvr -0'>'e<.'rn;ii'y ilri»isil.s nf 

'';ilil'iiiiii;i ; f, Oriiniiiiu; siiil'ari' ul' tin' last lnwrr lin'lai' of — Mioctaic, 

Niii'fli AiiiiTiiM ; It, (irimliii;; smr.irf «tl' tli.- last pia iii.il.ir ainl lir.st iimlar dl' llif s,iiiii.‘. All 
flic tidiiivs arc Ilf tlic natural si/.t*. (After Leiily.) 

of North America, and one of the fossil species (Aucliniia 
iirsli’i'iKt) seems to have much t'xeeeded hotli the liviiiL^ 
'<])(‘ei('s of lli(' yenus in siz(\ and to liave lieen larger tliau 
die existing (’amels. Lastiv, in (In* 1 )rift-d(‘]>osits of Siberia 
'ol I’ost-I’lioceiK^ aye) are found the molar teeth of an extinct 
yiui.s ot (A nhiiihr, to wliich tin* name of J/c/v/n^Ac/ve/a. lias 
been yiveii. 

Ii. Trajiiil it/fr.- Tliis ynai]) eomjtrises certain small IJunii- 
'•iiiits, the so-called “ ( 'lu'vrotains ” ( 7Vey////cs), wliieli ha\e 
bei'ii yenerally assoidattnl with llu*, true, Musk-dt'cr (.l/c.s-eA/cs) 
in a, sinyle family, under tin* nann* ol' Mo<r/i The re- 
'^eiiielic.s of M ilne- Ivlwards and Klower, how(*ver, would prove 
that d/re'((7///s itst'lf is really one t>f tht* (Vrru/ir or Peer projier, 
nnd that the t'lu'vn itains form a yi-ou]) hy ihemselvt's. 

I he TntffiilAhr art' characterised hy the total ahseiici' ol 
barns ill lioth sexes, ami hv the ]>n‘sence «•! canines in hoth 
Jn'\s, tho.se, in the ujipei* jaw (liy. <>4!)) hthny in the torni ol 
disks in the males, hut mm’h smalhu’ in the hmiales. Ihe 
bbird stomach, or “ ]isalteriuin,” is wantiny, and the ])hicentii 
dillus(>. 'pi^, have sujiplenientarv toes, and the nieta- 
d^M'nls ol the middle and riny diyits either uniti' in late lile 
birm a eanoii-hone. or remain (as in Ififomoscltits) jicrina- 

nently separate. 
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Witli regard lo tlie strueturo and ])recise aftiiiitias of ii,„st 
ol the tnssil roriiis wliieli liave been referrt'd to the Tmt/uH. 

great nnecaljiinty still obtains, and it is not at present 
possil)le to spc'ak very positively as to the preeisc' j-ang(. 
the tainily in ])ast tini(‘. It seems (piite j)()ssihh‘ that tlie 
l’])per Koeene and j\Iioeene Xii>hodou and Cnhwfhmmi,, 
as has been pre\ionsly notiecMl, are really reteral)le to tin- 



Inniiduhr. Ill i|„. Aliocoiio p,.riod in Knn,]),- it sisaiis 

(•ertain that various types of 7'/vg////hA/ were in (‘xisleiiee, 
llius the Dirinnlhninni and A m ph it nnfiihi^ of tlu' .Mioeeiic 
i'l-e probably true ( 'lievrotains ; ami the existing genus Ihiu- 
///eseZ/es- has Ixam said to occur in deposits of the sana^ iii^e 
I h(‘ genus 7'/vp/e/e.s itself has not hciai dis- 
("vered in tin* fossil condition, and no remains clearlv 
retcralde to this family have yi*t been detected in tlie 
lertiai'i(‘s of Ameiaca. 

r. i rrri(}(t. | jjjs jainily is of much greater iniportiniee 
lhan that of the Tnifjnl i,tn\ inclmling as it doi's :dl the true 
lha-r, I hey arc distinguished frtmi the other Ihimiiiiinh 
( hicflv by th(^ nature ol t in: horns, which ari^ wanting in the 
Mnsk-deer (Mns, ■},»>,) and in a few other forms. With the 
singh* (‘Xception ol the* h’cimhaa', these appimdages ai'e 
eonhned to the males amongst the (!n'ri<t<r, and do not 
oocni- in the females. Th(*y do not consist, as in the 
siK ( iM'ding group, ol a liolhiw sheath of horn snrrouiidiiig 
(eiitial bony core, nor aiv they permanently retaiiKMl hy the 
<hi the «,tl,cr hand, the hornM~-(,r, as they are 
more ]»rop.!rly called, thi* ^^a/Av-.s- — - of the (!rrrid<r are 
and are soli.l. Most nsnally the antlers are 
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cant off ()ii(-e a-yoar, and are rcjjroduced again, this taking 
place iimnediately before the l)reeding season ; l)ut soni(‘. 
Indian deer do not tlirow olf tlieir horns so orten. In tlie 
Middle Miocene Prorcrrahis, moreover, tlie horns seem to 
llavl^ heen ])(n’sistent throngliout liie. 

The antlers of IIk; (U-rr'uhr are bony throughout, and are 
produced by a ])rocess veiy similar to that by whicli injuiies 
of osseous structure's are made good in man. Eaedi antler 
consists of a main sti'in or “ l>eam,” and usually of one oi' 
more branches or “ tynes,” and when first produced thev 
aic coveied with a linely-haireel and vascular inti'gumeiit. 
Wlnui fully foruK'd there is produced, just above the base 
of attaediiiK'iit to the frontal bone, a circular ridge of boiu*, 
wliicli is known as tlu‘“burr;’’ afte'r whiedi the* “velvet" 
m' external integument diecs and ]»eels olf, leaving the antler 
ns a naked proct'ss of l)one. In the second year aftei’ 
Ini'tli ill all Deer ])oss('ssing horns, and in a few forms 
tlii'oughout lif('. th(‘ antlers consist only of the “ hi'am.’' 
nnd are dagger-sha j)ed and unbraiudu'd. In llu' horns 
"f tlu' lu'xt yi'ar, we find that the beam develo]>s a 
hisal hramdi or “brow-tyne " (tig. 050, c). This condition 
"i iiiatlors may be comj>ared with the ])ermaiieut form of 
die antler in the Miocene /firrorrros (tig. liot). a), in whi(di 
tlim’e, is only a siiigle “ tvne " on the “ Ix'am." In tlu' lU'xt 
ymir of life — the fourth after birth- -in addition to tlu' 
“ drow-tym* " one or mon’ tvnes are devi*l(>ped nearer to the 
hce end of tlu* anthu' ; and we may now (‘om]>ari‘ the stati' 
"t things to what is ])ermanentlv the condition ot tlu* anth'r 
iiiany of the IMiocem* Deer (such as fV/ 70 /.s MtdJni'oiii and 
tig. (loO, if). In succeeding vears ot lite, in 
Jiiaiiy Deer, tin* antlers become, every time tlu*\ an* repro- 
'^'K'cd, iiion* and more com])h‘X, by increase in tlu* number 
"• die “ tynes.” and by augmentation of their length and 
Lastly, it may be mentioned that in tlu* singular 
*Lsiali(; Mnnt,)ak [CrrrKs Minifjtf/*) the antlers exhibit the 
l'‘‘''tiliarity of being supported upon long bony pi'dicles or 
I’XH'es.ses of the frontal bon(‘s (lig. (>50, k). 

As ,li,<jt ribution of the ('erndrt', no uiuloubtt'd 

of the family are known to have existi'd during 
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the Kueeiie ])eri()(l, soine }):ilii‘0!it<ilogists are iiicliiKMl 

to think that the lioriiless ut‘ this ])eri()(l niav he an 

early lorin of tlie J)(‘ei’. It is also [lossihle, as siiL^oa-sted hv 
Marsh, that the OroiKcri/.r of the Up})er luicene of Norih 
America is an ancestral type of the (\i‘cida\ 



Fi;.'. ''M). A, Antl*-r nC unurnu^ Miocene IVrtiury ; ii, Aiillcr of ( i / ('»■'> (. I 

j^irildt' //'C i'lioretie ; i \ Antler of the l(e<l Deer (( 'nrns i l<i i,li as) in the secoinl ve.'ir ; I', Alltli i 
of the Milne ill Its (lill\ ;;roWli coli'lit lo|i ; I. Antler .'linl tiony pedicle of the flolltill hclir in 
the Muntj.ik {< irni.- Mitiitjitk)\ k, Antler of the loillow Itcer ' o), 

In tilt* Miocene deposits of JAirope we meet with n 
nuinhei' of tvjtes of (drruhr, inchidinn' the Jttccnt ycmis 
i^rnis. Most of the fonns of this ptaiod, latwcvcr, an' 
('Xtinct , and hehniij; to the i^enttra Dicnn'i'nni wwd 
In the toriner of these (liii;. (ioO, a) the, antlers a|ijicar as 
if prodiictfd hy the hifnreatioii of the. “ Iteani ” into two divi- 
.^ions. In the Mioceint, also, we find the. liist ti'aces ot the 
true Musk-deer, it he. ip^htly referred to tlic 

Mdsrhuhr, In tin; |*lioeemt period remains of l)eer hecouic 
aluindaut ; and, aee<)rdin^f to I'rofessor Iloyd-Dawkiiis, tlic} 
fadoiiL; Ut two jtrine.ipal types, rejtresenfed lesjieetivtdy h) 
the Itoehuek {(Mj/nvlus rf/pr<t‘ft) of luiro]»e and the A.M'^ 
Deer of Asia, and most (»f tlnnn I'esfunhliii'^ the hitter 
\one of the Idioemie Deer helonj^ to speeies now ahva. 

In the I'ost-I'lioeeiie period, we ineift with a nunihci' ot 
Deer, most of which helon<^^ to well-known livdn;,; tyiaas- 
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tlie true R.lk.s, represeiiteil hy the living ^foose (yt/rr.s 
iiKi/chi'^, or A. piditiaf.Ks), are distinguished by their antlers 
without either bas;il or nuesial “ tynes,” hut terminated l)y a 
niiiiit palmation digitated on its outer side <»nly. Antlers of 
a s})(!ei(!s uudistinguishable fnun the existing iMoose have 
heeii found not uueominonly in Post-Tertiary deposits in 
various pai’ts of Kurot)e, Imt this animal does not make its 
appearaiK/e, till after tlie (dose of tlie (Jlaeial period. 

'the lodndeer {CrrcKs (((nnid us) of Xortherii Tiirope and 
Xortli America is remarkable for being the only member of 
the (d rridtr in \vhi(di both S(‘X(‘s have, horns. The horns 
are of large size, cylindrical, divided, with basilar and 
uiedian tviu's. Itemains of the Pidmh^an’ are found, often in 
considerable abundance, in various Post-PlioceiU', deposits iu 
bur(i])e, extending as far south as tlu' Pyrcmees. 

lntermedi;it(! between the Ihdndeer and the Tallow Deer 
is the celebrated lN)st- Pliocanie specms, which is commonly 
known as tin; “Irish Tlk ” (tV/ov/.s luri/aa'/m or J/(y/(e't/7^s 
lltlnriiiriis). This lextincT form (tig. bol) is remarkalde for 
its great size and for the enormous dinumsions of the spread- 
ing antlers, which are expanded towards their extremities, 
and attain an expanse of as much as ten leet from tip to lije 
file (Vrn/s in((f(t(r/vs is (‘X(dusively Post-Tertiary, but doccs 
not appieir, so tar as is known with c(n’tainty, to have sui- 
vived into the Historic period. 

The true Stags (t V/av/s), to which the Irish lelk seems 
l'ro[)erly to Ixdong, are tvpitied by smdi sjaecies as the PimI 
Peer {(Vrnis rl(tp/ius) of Turo[)e, and the Wapiti (tV/'/acs 
^diKtdcjisis) of North America. 'The tormer ol these occurs 
>11 a fossil state in Post- Pliocene and Pecent (h'posits in 
Pnro])o, iiiul (In. hitter is represented iu accumulations ot tin' 
same age in America by a idosely-alliml or identical lorin. 
Anotlu'r remarkable tv])e of Stag, now wholly extinct, is tin' 
^ ''I'fiis Sdifprici'ii ol' tlu^ Norfolk “ Forest- P>ed (Post-1 lie- 

in whi(di the antlers have*, a very complicated lorm. 

^ In* lloebmdv [Cap/ro/us vapnrd)^ distinguislu'd bv it^ 
’'’'•^imhed antlers, with a median, but without a basdar, tyne, 
iilso known ill a fossil eoiiditioii in I V)st- Pliocene deposits 
Pnrop(>, appearing, before the commencement ot tin* 
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I'pinaiii pennaiioiitly covorcMl by a liaiiy skin, tevniiiiated by 
;i tuft of stilT l)rist]cs. Tliese are not mere out-growtlis 
of tlie froiitals, but an; iii(Ie])en(l(;nt ossifications placed on 
till* sutures l>et\veen tlm frontal and parietal bones. Tlicre 
is also a central born, if it may be so called, which is (jf tin* 



I’lL'. O.VJ. Silli' \ii'SV ul'flii' skull nl tllf a<M‘ttllck tVi/i/./vr). (AltiT CiclH*!.) 

of an epijihysis, and is placeil upon the sagittal 
Mitiirc. It lieconies early anchylosed with tin; skull, as do 
iiltiinately the other two horns. The neck is of extra- 
cidiiiary hmglh, but, m‘V('rtlnd(‘ss, consists of no more than 
ilia normal seven cervical vertebra-. The ibredegs appear to 
'll- much longer than tin- hind-h'gs, and all are terminated 
liy two toes eai-h. tlie lateral toes being altogether wanting. 

fossil spe(-i(‘s of (lirallV* (6byyn'/oy<nn/o//.d leave been dis- 
''n\'cr(‘d in the Tertiary de])osits of the Siwalik Hills in India 
■>•><1 ill the l'])per ]\li(»-t*m; of Atti(-a ; ainl a s]>ecit-s has also 
liei-ii dcsei-ibed from France. Tliis last, howevm-, would 
'^'‘eiii to 1 ) 1 * nd'erable to the genus ili lhtihtiJn rm m . toundml 
I'll' the re(;eption of .some singular fossils trom the I p]»er 
MiocMio Tertiary of Attica. In this remarkable genus there 
'd’l'i'iir to hav(‘ limui no horns, and the tei'th present (-eitain 
^‘'‘s(aMl)lanc(;s to tho.se of tlie Antolo]>es. No member of the 
^ has as yet been di.scovered in either ^orth 

i^outh America, so that tliis jan-ailiar Ivuminant t)]H 
'^'"'dd a])pear to be wholly confined to tin* Old World. 

'• f ermoy’y/m.— The last family of the Kuminaiits is that 
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of tlic Carirornia, comprisin*;- the Oxen, Sheep, (uiats, aiid 
Antelopes. This family iiieluchis tlie most typical hiiuii- 
nants, and tliose of most imjtortanee to man. TIk* iippcj' 
jaw in all the Caricornia is wholly destitute of ineisovs and 
caniiK's, the place of which is taken hy tlie hardcmed Ltnin, 
a;;ainst which the lower incisors hite. There an; six 
cisors and two canines in the lower jaw, jdaced in a con- 
tinuous series, and tln^ molars are- se{)arated hy a wide ^ap 
froni the canines. There are six molars on each .side of 
each jaw. T>oth sex(*s havci horns, or the males only may 
h(‘ horned, hut in eitlu'r case tlie.se apj)endaues aia* very dif- 
fenait to tin* “antlers” of th(! Cerrida’. The liorn.s. naiiudv, 
aiH^ ])ersistent, instead of beinit deciduous, and eacli cojisisis 
of ;i bony process of the fnnital bone — or “ hoiai-con' 
cov(‘]'(!d 1)V a sheath of horn. In the TroiiLt-buck 
riij)r>t), however, the shnAh of the horn is shed annually, 
'flu! feet arc cleft, but are mostly furnisluMl with acecssmy 
Intofs phuasl on tin* back of the foot. 

Th(i Varirorn 'm coni|)rise the thre<; families of tin? Aufllo- 
(Jrid(f\ and Ilnrldrr. TIk; Antelopes I'orni an extrenidy 
larye section, with very many species. They are (diaracdcr- 
ised by their shuidim, d(‘er-lik(^ form, tlndr lonij and slcndci' 
leys, and their simple, c.ylindidcal, annulated, or twisted 
horns, which are sometimes conlined to the mah'S, hut often 
ocelli' in the hunales as well. 

The above delinition will n(»t ajtplv in all points to some 
siiiyular extinct forms usuidly refern'd to the 
nor to one ab(;rrant existing form --viz., tlui Prony-liiick 
(A/di/oi/f or Ant dorajn'u Anicrua na). This e.xtra,- 

ordinary and uni(jue .speci(!S dilfers from the, typical Ante- 
lopes ill haviny uo lateral toes, in haviny horns whielt 
have a snay in front, and in the fact that the outm' slieatli 
ol tin; horn is drruhfoifs, and not [ajmianeiit. Tor thi'se 

reasons, it has h(‘en propo.sed to jdaee the Prony-hnek m 
separate family (the Antdocapidda) ; Imt it is iinu’e eoti- 
v'cnieiit here to consider it as an aberrant member of ll"' 
A'/dilojw/a\ 

The Antelopes do not appear to have a hiyh antictnitv, 
the oldest known forms beiny from the li])[)er Miocene at 
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({r(!ecL‘, and belonging’ to tlie living gonus Gazella and to 
various extinct types. Of the latter, the genus Ptila'.orcm 
(tig. O'* 3) is supposed to he allied to the living Kl.and 



{(h't'ax (‘(iiui(i) of Soulli Africa, in whicli tlie liorns aia* 
lu’iirlv straigld, luit liavt* a spiral twist. PnUronix, iigain. 
i'^ siip])()S(‘d to be allied to the living Oeinsboks (/by/,' ! 
at Afi'ica, and ])Oss(*ss(mI long curved hoi’us, wliik* /V/eo- 
/og///x and Tnujocrrati a]»pejir to be true Antelo|H*s, thougli 
bit* latter j)ossesses verv (loat-like lioins. No important 
uauaiiis of Antelopes of the ordinary IvjM' are known ti'oni 
die I’lioeeiie de])osits ; but rmnains of a t’hainois ( /////o- 
^'"prn) have been found in the cave-deposits (^I’ost-l’lioctMU'^ 
"1 branee, and bones of the living genus Aniilopr and the 
'“Xtinct genus Lrpfnf/ifriti in are said to oecur in the bone- 
‘uves of Itrazil. Ko Xorth American Antelopes an* km)wn 
as tossils {unless tin* I’lit>cen(; (\)S(n‘>p‘ be an aberiant t)}** 
this family), and there is some doubt as to the r(‘]»orted 
‘"‘^■'HTenc(‘ of Aiifilophhr in South America. 

bv tar the most remarkable fossils, however, which ha\(‘ 
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ill an ;uliiiir:il)le paixM- on tlio affinities of Sirathcfiini} , lias 
iliawn attention to tlie faet tliat the rrono-lmck slieds tlie 
sheiith of its horns aiiiiually, and lias siingested that this 
iiiav liiive also heini the ease with the extiiiet form. This 
liyjiodiesis is reiid(‘red prohahh*, amongst other reasons, hv 
llii‘ tact that no sheath has as yet Ix'en discovered surronnd- 
iiig tli(' horii-convs of eitlaa- pair of horns in the / /c///. 

[ ]i(»n th(‘ whoh‘, thereloK', thc‘ ahove-mentionetl zoologist 
would reh'r Si r/fflinitmi to a distinct group which he t(*rms 
Sirnf/ii'i lihr, and regards as being most luuirly related to tlie 
. I Ilf iliii'd pni/ir. 

Ilniiinifld riniii has Imom found in deposits of the same 
iige as Siriif/driiuit, with whicli it agrees in its colossal 
iliiiicHsions and its possession ol two jiaii's of hollow horns. 
It dillci's Iroin Si rnf hf nn m , how(‘vei', in cei'tain details of 
minor impoi'tancc. 

I he Sheep and (Joats {Ondu ) hav(‘ mostly horns in both 
>e\es, ami the lunns are generally curved, com])r('ssed, and 
luiiied more oi' less backwards. The l>odv is h(“:ivicr, und 
tlie legs shorter and stoutei-. than in the true Antidojx's. 
Ill the true (loats (^(^ipru) botli se.xes have horns, and thcri' 
Ill'll 110 laclirymal sinuses. 'flie true Slu'ep (thus) are 
‘lestiiute of a beard, and tin* horns ai'e gi'iierally twist(‘d 
iiitn a spiral, II(»rns may Ik* present in both sexes, or in 
tile males onlv. 

I he Sliei'p and (loats are of no importance as t’ossik, 
unless, iiidei'd, as lielieved bv high authorities, the Miisk-o\ 
dmuld he referred to the (h‘ii/(i\ Ib're, liow<‘Ver. it will be 
''"ii'^idi'i'i'd as belonging to tin* horii/ir. b’emains of both 
'^heep and (loats havi* been disi‘ov«'red in various Tt'st- 
lei'liaiy di!p)osits in Kurope. but tlu*v present nothing of 
'^I't'eial intt'H'st. No I’eniains of Ov'ulu are known at 
I'leM'ut Ironi any deposits ()hh*r than tin* Tost-Tlioct*m'. 

* he ti'ue Oxen {horhfit ) an* distinguished l)v having 
^iiiiple horns, of a rounded shajie, not (wis((*d into a sju’ral, 
oldest known remains of Oxen, so far as known, air* 
*hos(i ot the Ojiper Miocene of India, in which we lind 
'•iii'uis ('xtinct sjiecies of the living genus Sos, togi'tlu’r with 
‘‘xtirict genera Iftinilios and Amp/iilxis. Jn the Tlioeciu* 
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of Kuro])e wo meet witli tlio <4011118 ; and tin' Amei icim 

Ifullalo is reprosoiited as early as tlio Lowin’ Llioi’eiio by a 
species of lii.'iou. Tlio best known fossil Oxen, liowi'vi'r, are 
(hose of the Lost-Llioeono and Uocent periods; and of lll(^s(‘ 
tlio most important are the LV/zs, the Anroelis, the Jins 
lonrii/rom of Owen, and the Musk-ox (0/-//>es). 

Tlu! Aurochs or Lilliuanian J3ison {7>e.s hisnn) can liardly 
l>e consiih'i'cd as a lossil lorm, as it occurs in a Iniiiy slate 
in Kurope at the present day. Leniains. howevm-, of tins 
larne. ox are found in various prehistoric deposits. 

The />os ht/Hfl/roiis of Owen, or “Small Short-horn,” is in 
a similar jiosition to tin* Aurochs. A<-corilinu to I’lofessor 
Lovd-Dawkins, tliis form (which is idenliiad with tin' Ah.s 
fnuifositx of Nilsson) has not been ]»roved to occur in aiiv 
Post-Llioeeiie d(‘}*osit. thoiiuh it occurs ]deiit ifiilly in the 
hone-ca\'es and alluvia ol the Ke<‘en( or ])r(‘histori<' ])erin(l. 
It is believed by the .same biydi authority that the A'e.v loiuji- 
froHs is the anci'stor of «»ur juvseiil \Velsli and Scotch Latlle, 

The Unis or Wihl Lull (/A's i>n in n/^'in ns), thouu'h iniieli 
lai'yer than our ordinary oxen, is bidieved to be speciti('all\ 



undistinouishalde from the domestic Ox ( fns hmi'nsj, .nr 
was ]U'obably (he jiarent of the larj^i'r varii'ties ol bui»>l'‘ 
Oxen. It was ;i contemporary of the Mammoth. ^ 

b’hinoceros, (.'ave - lion, Lave - bear, Iiisb I'dh. riid ot 1 
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riist-r]i<»<H‘iio Maiiiiiials, and it was in (‘xistoiKu; np to at 
least tli(' twalttli c(‘ntui'v. 

Tlio last of t]i(‘ ( )x(‘n wliidi dosci-vos notice is tlie curious 
Miisk-o.x {(}nhn.<; m osrlm hi s). This singular animal is at the 
|iivs(‘nt day a native ot Ai’ctic Aimaaea, and is reiiiarkahlf* 
lor the yreat leii;4tli o! the hail'. It is called the iMiisk-o\, 
lieeaiisc it yives (»ul a musky odour. Like the Jh'iiideer. 
tile Musk-ox had IdriiK'i'ly a much wid(‘r u('ou'ra.]»hical raiiuc 
lliaii it lias at prcsmit -the couditioiis of climate which are 
ii('('i'ssai-y to]- its oxistcucc haviiiL;' at that time (‘xteiuhal 
()\(‘r a \(‘ry much larycr aica than at j»resent. The Musk- 
ox, in fact, ill Lost-Tertiary tiim-s is known to ha\'e extmided 
ovrr tli(‘ yi'iaiter part of Liii'ojie, I’emaiiis of it occurring 
iiliiiiiilaiitl\' ill eei'taiii ol the houe-cavi's of I’Vauci'. ^Vs 
nlivadv meiil ioiie«l. Iiiyh aut liorit ii's reLiar<l tlu' Musk-ox as 
I'riiiy tiiilv a larye Shee]i, and as h(‘inu, therefore, referahh* 
, la the , 
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mA7>/';//N (iF mammalia {L'liii 1 1 ii III il . 

1 MN')( i:i:A'I'A, TiM.oImiNTIA, AN1> TDXnhDMlA. 

\’1I, I )i.\f >(' i:i;ata. -This nrdcr (•(unju iscs ('(‘vtaiii (.'Xlia- 
"idiiiarv cxUiicl Maiimials hom the IdicciK’ of Ndrlli .Viaaiiaa 
which arc rc^uardc'd hy Tnifcss^r (’(i}»c as an ah(‘i'raiil ymiiii 
i»l ( whilst I 'rol'cssor Marsh cttusidcis llicin as a dis- 

tinct order iiitcriiicdiatf Itctwccii (he lVr>s.s(nl//if//lr !' iiijiihilii^ 
aiiil the n , 

The iiieiidicrs of tliis order are all of ynyaiilie diiiiciisiciis, 
and of inassi\(' eonslructioii. JlMh th> Imr uml Imiil 

jinssrs'ini fin ii'il I -d ml ojiiil lut's^ I'lii'lt nf ii'lil'll L I'lil I ll>d('il '// 

c IninJ. Tin lUisiil Z/o/z/w /^V /v vUniifiilnl , n nd dn nnl si uii L> 

>!> jijHirlid n jf/'oliosns. 'Tin mimuui niri'n's flirn jinii's nj Imni- 
i ii/'is, ii'hii’h ii'i i'i jii'nlHdil If nirtlnjiid m lini'iiif slindlis. I Ih n 

o/v HD iij)iiir iiirisn/'s^ nnd I III zzyzyzc/' niniiii^ Inii'i' Z/zz /c/'Z/i <'J 
liDii/liisLsdiriifrd ilini'H h'h I' ds. (These eharaclers aie taken 
tnzin Duniri’riis^ (he hcsl known o(*inis of (he yroiip ) 

Older is distiie^uishcd IVoin the rroltiisi lilni hy th(‘ ahsciicc ol 
il)i])er inciszns, the jircsenee of eaidlies, tin* |)ossession ol tliiee 
jiail'S ol hznn-z'ores, and the ajjseiiee of a jii'ohoseis. 

In Jfniiirrrns ilsell, wliich may l)e taken as the type "t (la 
yroiij), we. hav(* a laj-^r animal <Mjnal in dimensions to tla 
liviny Kh‘)zhan1s, which it resemhles also in (he osteoloyv "1 
its liinhs, in most essential respeels. It is in the sknll (d-- 
hod) and dentition, hoW(;ver, that the most striking ptstih 
arities of Jhiionrns an; to he found. As r(\^ards tin* dent' 
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lioii, llu! (.f tli(i u)»))er jaw was dastituU', oC incisors, and 

prohaldy (‘aia'i(*d a jadatinc pad, ])iil tlicrc were two very larj^c 
(■aiiiiics in the idrin oj‘ tusks dir(!ctcd jKjrpcndicular] y down- 



^^'in’ds ; and (Iicia* was also a series (»!“ six small molars on 
'""di sid('. In the lowei- jaw are six incisors, small caniiK's, 
'">d tweh e pra-iiiolars and molais. six on ('acli sid(\ Tlu' 

d''iital lormnhi is tlms- - 

. 0-11 1 1 

' i ; /o// ; m ;i4 

3 ;; II 3 3 

*!'(“ crowns of the molar teeth (‘xhihil each a pair of 
'd'li(jui' ridp^{‘s, conlluent on the iniu*r side tiT the tooth, but 
41114 outwai'dly in a V-lik(‘ manner. Ih'om the very 
^iiiall comparative si/a* of the molars, and tin* I'acl that the 
'^'•dyle ot the lower jaw is transv(‘rsi*ly eloiiLfated, thus alli>w- 
‘"3 "uly of up-and-down inovement, it has hei'ii (‘onjectni'ed 
tli(> must liave het'ii of an animal 

'‘•dui'e. SupcM-iorly each maxillary hone carried a. wi'll- 
d'‘V(‘l()piMl proevss, ]»rohahly of the nature ot a limn core. 

“ nasals su])port two similar hut smaller liorn-coies ; and 
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ir|)lilian l)i'iiiii in ;my kiinwn Alaiiiinal. In I), vnndji/r, lla' 
riilira lirain was actually sn (liininiitivc that it canild aypa- 
K-iitly have been drawn through the neural canal of all 
[he praesacral vertc'hi-a*, ceilainly thn)Up,h the cervicals and 
luiiil)ars.” 

Tlie head could be lowt*red to the ground, and tlioudi th(‘ 
nasal bones are idoiii^ated, then' is no evidence ot tlu; exisl- 
»ai(‘(‘ ot a ])j‘oboscis. The linil •s arc' slio?'t, th(‘ tore-leys shorter 
lliaii the hind-h'gs ; and the feiiiur was not provided with a 
lliii'd trochantcu’. The tail is shoit and sh'iidcr, jiiid the ribs 
aiv liii'iiislK'd with rudinieiitarv unciu:ite processes. The tc(‘t 
ai'c ruruished with live toes each (tiy. boV, V, iuid c), and 
have a yeiieral reseniblanci' to the teet ot tlu; 1‘roboscideaiis. 
Ill the hind-toot the hallux si'eiiis lea have been small or 
I iHliiiieiitarv. Th(‘ chii't yeiiera. included by .Marsh aniony 
[\iv JJuKici /•(>/// arc J h ( ’ uif(dln:/ ii> nt , n\u\ Tiiioi'cru,^, tlu' 
la^'t heiiiy slated to be identi<-al with the and Lo.r- 

itf rrotessor ( ’ope. All the remains ot this sinyular 
aiciij) which ha\c been hitherto bi-ouyht to liylit are trom 
bie .Middle hoceiie ot North America. 

^b;m,i; \lll. 'rii,i.oi>oNTi.\. This ordci' has bcmi (*stab- 
lislit'd by I’i'otessoi- .Mai’sh tol‘ the reception ot soiiu* siiiyiilar 
•daiiiiaals from the hoceiie 'I'citiarv ot (he rnited Stati's. 

Ibllowiny are the (diaracters ot the order, s(» tar as pub- 
li''hi'd ; Tin iiitihif Iri/li Jnfi’t (iriinliiit/ c/va/a/.s’, ns m i ihjiddh 
‘'ml iiKiji hnre dtshiicf ronfs, nr innif iii'inr fraui fn /'/jiti iic/d 
I'tdiis ; siindl lU'i f)f'(St /d t/i liiif I) jii t/'s ; ti,id I'lnd /tu‘‘ 

‘ "I’rK's f iro st'filji/’i f o/‘iil liiriso/s^ r> s, iidnl ( mj iij Jld- 

‘I'lds in Joriii and m ifriin’uiii front ihrsisftnf I'ldjis. I In h'>f 
l>ln III nj rndr n ml pn ntiulint ifh\n nd (In dn/ l.'^ n'i /‘> iipfinri nil;/ 
" ‘I'Jii iridnfi’, 'I'hi' Ji innr hnstt (htrd f rnrlin nh i\ n iid Ih' rndins 
"lid ninn nnd ( ihm nnd fihnhi nrr dislinrf hn/KS. 

llie onh'i’ imdmh's two distinct tamilics one, the 7 dln- 
d" ndn\ ha\ illy molar tts'th with distinct roots; whilst the 
l^t tf! t nndnnf iiln\ ])ossesscd rootless molars, which yre\\ 
1'ei‘sistent ]mlps. All tin* known Ibrms (d the ordei'are 
*’"'11 the laoeem* d'ei’tiaiy, and tin* ty]>ical sjK'cies seem to 
lia\(‘ troiii one-halt to two-thirds ol the size el the 
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I Ik; ly|)(‘-o'enus ul Uk* unlcr is Tillollit riu m , wliich jjrcsciil 
ii^reiiKirkahlo coiiihinatioii of tin* cliaraKlors of tli,. Vn<iHlni, 
hoilrnl i,t, and ('urinroru. The •^oiioral form of the ski-h^i,, 
most (dosoly ivsoiJil)Ies that of tho ( 'arnivoros. tin* skull ln'iu 
hko lliat of tlu' r.(‘ars in many res).e( ts, whilst tlu' feet ai 
tivi-toed, with tho wholo soh‘ appliod to tho yround, 
liaviiiy lingual jdialanyvs similar to thoso of tlu; rrsidir. Tli 
hraiiooavity is ot small size*, and tho oorohral homis|ili(r( 
did not (‘xtond ovm' thi‘ ooroliidliim or tho olfaotoiy loli,., 
d'li;‘ oihits ar(‘ not oomi)loto. hut opon into tlu^ toiu]..ir:i 
fossa'. Tho pramiolars and molars havo yriiidiny crowns, tli 
‘■niim-s aro of small siz.a and tho praiua.xilho cairic.l a’lnii 
'f laryo scalpriform inoi.sors f'lio. which rcscud.lo ilm., 




(‘I 111.- ..f / Ilh.lln niim „ , will) the l( 

l'l>, {.lie fnlll 111 ultlic li.itllliil >j/,. (Allel .M.ll^ll.) 


"1 tho Kodont.s in having- chisol-shapod crowns, and in yn'W 
iii'_; ihrouyhout tho lih; o| tho animal. As in L’odoiits, thru 
i^ .1 001 1 ospondino pair ot scaI|)riform incisors in tho lowci 
Tho dontal formnla i.s-- 
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Allied to I tllnllni'ntiii (^)|(. A nrh ! jipod US ( yVeyosa's) 
lu'idv, lioin tho Ixooom; do|)osits of Wyoming. 




dixoceka'I'a, 'i'iij:()i)ONTrA, amd toxodontia. 37;“) 

In tlu‘ ;4i‘()U|) of the Sf/iluKufonfvfftr, bosidns Sfi/linoilon itsnlf, 
we l);iVL‘ tin' ^('inis J)rtfpfi)iloii, in which the dental foianula is, 

i i 3-3 3—3 

I ^ j j ’ ‘> ‘> ’ •. •* 

of the six incisors in eucli j;iw, the 1‘uur eentrid ones ai’c 
small, lint (he oiitc'rniost ont'S are huoe ;ind conipressed, faced 
with ciiaincl, and LiiowiiiLt li’oni pi'rsistent pul]»s. The molars 
and pramiohirs ale rootless and cvlindrical ; and the caiiiiu's 
ai'c small. 

Oi:i»Ki; IX. Toxodontia. — T his order includes certain lar^i; 
cxliiirl Mammals from tin* later Tertiary deposits of South 
Ameriea, tin' triU' systi'inatic position of which is still veiy 
tloiihifiil ; siiiet' tht'y present idlinities to the 7o///e/c/e, tin' 
Ileileiils, ainl tilt' hdentates. Tin' skull is massive and tin* 
limit ilion is V(*r\' ])eculiar. The molars and pm-molars aic 
limit so as to be slronylv con\e\' outw;ir<ls ;ind I'oncavi* in- 
wanls, with Ihit yrindiny su rt’aees i liy. (iAtj aand presi'iitiiiy 
till' iieciiliai'itx' that tln*y an* roolle.''S and yrow Irom ]u'r- 




s, |{i:.lit upiMr.i.'iw ..r .ma r-. l<'tt Inn.M jinv-t t: 

r, l.nurr iMIllll,'. (Ala T liimilfl.'ti l. ) 0 ivat!> li'.ll!' < '1 ill .'I.C'. 


^i;^tmit ]iulps. ('aniiies an* jua'sent in the lowi'r jaw, hut art' 
''1 verv small si/.i* (liit. (ioll, r) and are ]»laced in llu* int(*i\al 
''*'tween the iin isors and pramiohir.^. In (In* upper jaw onlv 
bn* sockets for the caniin's are lelt. 1 lu'rt* are lour nppei 
■nnl six lower incisors, which ar<' s(*parated by a wide di.is 
^' Uia Irom tlie pra'iuolais. The dental formula is- 
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'ri)t‘V(' is 110 ihiol tiociuuiU‘i‘ to tht! t'oniuv, l)ut (lui stnio 
liiri' of till* iiiainis and |h*s is niiito iiiiknowii. 

Tlio Li,viu‘i‘a of this onlor arc 'I'o.roilon aiul Xfsoi/nn^ 
from late Tertiary or Post-Tmliary deposits in South Aincvicii. 
TiK>(Hh>n was alxiut C((iial to the 1 1 i{i|>oj)()tanius in si/c ; ;iii(l 
hotli Lt'ciH'ra jiivsent a coinhinatiou of characti'rs so cxlni- 
ordiiiarv. that W(‘ must await the <lisc(»very of more jiciii'cl 
icmaius hefore ju-onounriiiL;' any deeidial opinion as lo thrir 
true systematic jiosition. 
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oinrKHS (IF MAMMAIJA {Fonllnunl). 

IlVKAColitKA AN1> !*!:( )!’>( JSCIDHA. 

ni;i)i:i; X. 1 1 vi;A( (ilhKA. — Tills is ji very small onha' wliicli lias 
lii'aii cdiisl it uli'd l»v Huxley Idi’ llie recejiLiuii ul two or tlirei' 
little animals, wliieli make ujt the sinyh' ueiiiis Ifi/rd.r. I'lii'se 
liiive heeii iisuallv ]>la(*e(l in the imme<liati‘ iieiLthhourhood ot 
ilie hhiiioem’os, to which they ha\(‘ some decided atlinities, 
and they aia* still retained hy Owen in the seetinii oi the 
I’l'i'issoilaely h‘ rin^ulates. 

Tlu‘ erdei' is tlistinyuislu'd hy the lollowiiiy eharacti'i's : 
Ur I'l e/7 no iiiiniii' tin' iiicisars nf tin u jijx r jo n' n n 

I'liii/ dint rnrri'd (tiy. (ititM. ///vz/e J rom jn riiniin jit jintjis, 

Hutj ihi (ii ijn' Jtni/i iits [sth'll ds tin' It'dt'ti', /n(t, X( . ; J ll< 
Hint, If hi/li n ff si in/n In rl 1 / ttln tlmsi/ uj tin Itli nnni r-d, ^\e-- 
"'idiiiLf to Iluxh'V, the dmital formula ef the. ayid animal 

1! -- 0 -1) 4 - I h 4 ^ 

/ ; r ; inii \ m -''e 

o-o i — f d ;• 

//e '-/Oy e/v trt nnlinti/hdis, tin' liiinl-/i<t t rnhnl jinn'^, n mt 

"It the lues Intrr rniiinlut ln>ii/-ltln' units, d'ltli tin {iifptndi 
thr niin'i' tors nf tin' li i mi - l<'<'t , iclurli Ind'i' nn ntitn^inlif- 
'"I'riit moj, Tliei'i^ are no ehivieles. 1 lu‘ nose and eais an 
and the tail is repivsented hy a. nunv. tuhende. 

Hie living- s|i(‘eies of Jfjirnx are eonlined to Alriea and 
and no fossil forms can at |trest'nt he reterred to 
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TIh! ri'coiit Eki[»hiiiits arc exclusively confiuod to llu; 
li()|)i('al r(\^i(»iis of tin* Old World, in tlu! foresls ot“ wliidi 
tli(‘V live ill herds. Only two livin^^ species are known — 
llic Asiiitic Elepliant {ElrpJutx huHrux) and tlu; AlVican 
Kl('|)]i;nit {E. Afrintnus). 





I'iu: |V,1. M,uii ,,!■ tl„' lii.liMii Kl.'i.li.'iiit In, In-,,.). Tn-k likr UM-.-r in.-iM-is 

" , l.i'WiT i;n\ , with iih>l:ir-,, Imt witlMHit nn'iM'i-. , .-it thr <'U'l ol tlic 

(Alin- ( )Wr!i.) 


The nidst ini|>oi'lanl ((‘atiires of the Idepliants. troiii a 
l'alndiil()l(i._ii(.;il point of vit'w, ai't' conncelt'tl with tin* nature 
"I the teeth. ('aiiiiu's and lowt'r ineistirs are invariahlx 
waiitiiiy^ and tlie “ tusks ” an* roriued l>y an eiK.rnious de- 
^'■lopiiient of the two uppi'r incisors, which are rootless, and 
'-'’'hiiuie to yrow throuLthout tlu' lile ot tlu‘ aiiiiuah 1 ht' 

ha( k-tc('th an- six in nuiuht'r on each sith' ot each jaw, hut 
nwiiid to tlnur yrt'at si/e and the |)eeuliar modi' in which 
thity suei'ced one anolhi'i’, there is never more than one (oi 
■d most poi'tions of two) in ])hiee and in use at any L;i\en 
’“"''»''itt. The tirst three teeth ot' the ‘friiider-series, which 
ordinarily represent jira'inolars, are supposed to he 
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iiiilk-iiiolars, as tlicy have no pnuleeessoi'.s or sui'eessors • ajid 
the last lliree are true molars. Nhme oC the molars, in tart 
undergo viulieal displacement (pra-inolars aie po'seiit in tlio 
extinct E. jihtiii/rniis), hut the whole series gradually moves 
I'oi'ward ill till' jaw ; and the place ol' each tooth, as it lio- 
('oincs gradually worn out, is taken hy the tooth next hidiiiid 
it in the series. As regards their I'orni, the molars of tin; 
hlcjdiaiits are extremely massive, with an excc|)tii)iial vcitiral 
dc\elopnii*nt, and composed essentially of traiisvei'se laiiiiiia' 
of (‘iiami'l and di'iitine, more or less eopiouslv united liv a 
coating of cement. The. grinding surlace of the tooth is 
always crossed (tig. 003) hy more or less numerous riduvs, 





eiiiisi.'-ting centrally id’ dentine, surroundiMl with an exteiiial 
layer of enamel, and these ridges are soiiiet iiiies si'cii In h<‘ 
ohv ioiisly composed ol a ti'ansMU'se and nioi’e oi' less eoiilhieiil 
series id’ tuhcivles. The triturating surface of tlu^ molars, 
when Worn down hy use, is more oi- less Hat, and the trans- 
verse ridges of enamel and dentine give lise to various 
pattei'iis, wddeh are highly ehara.eLerisl ie <d' dillerenl, s|ieeies 
of tin* genus. 

In aeeordanei* with the sliaietiire of the molar teeth and 
the form and ntimher of the dental plates, I )i' I'aleoiier has 
di\ idl'd the genus Eh'iihas into three seidiolis, whiili are 
siinieiently iisidul to he introduced here, though it niiisti hi 
admitted that they are to some extent foiilidi'd u|ioii an 
aililieial basis, and that there, are so many transitional loi'iii^ 
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iis t(» r(‘ii(lcr it iiii]>ossil)l(! to limit tluMii with ahsolutc ])i'(*- 
fisioii. Tlio throe .s<M*tions in (inostioii aro the, tollowin^: — - 
1. — I )(‘iit:il laiiK'lla:' narrow and com]tit'ss(Ml, 

lli(' iimnhcr of th(i rid^'os .sucoossivcly incrcasiiiLi, in tlir 
tnu' molars from Ixd'on; hackwards. Tho tv])o of lids 
section is tlu' livin^y AVcy>////.s‘ //n/hv/.s (liy. htil!, a), tlie “ ridj^o- 
I'oriiiula ” ot which is 1 3 + 1 1) + 3 1 — that is to say, thcri* 
is a )>royi'cssi VC incnaise in tin* numltcr ot the transverse 
eiiMiiicl-i'idycs ot tin* ti'ii(‘ jnolars, the lirst having twehc 
(if tla^se ridyes, tlm second sixteen, and tin' third and last 
twenty - idiii'. I5(‘sides the li\ iny‘ Asiatic I^le]i1iaid, the 
siM'tion I'jiiih jilKix includes tln.^ Post - l‘lio(‘ene iMaininotli 
[K. fii'l III I the El<'jih(i>> (tiifujiiii.'< of the 



I'l-. .,r i lir y., 1I|.I.|T jax\. riulit 

natiiial M/.r. I^..■a I’liorrn,-. ,r, Oriiiaiii- MiOar.' ; S, Si.lr \ i . 'a . 

l'ni'(i|(can l*lioc(‘ne and I’ost - I’lioetMU' (liy. and tlie 

I'^^'jiliiis ji if>iii</ j' inis of the I |i|K‘r i\Iioc(*ne oj the Siwalik 
^Idls, hesnh's other lorms ol less impoi’taiKM'. 

Lh Anrof/i;//.— I )ental laiiudla' lo/eny(‘-sha]t('d or diamond 
diayiMk not yreatly dilVeient in nund»er in tlie tlnve true 
""»'!'i's. d’he ty]H' of this yrou]) is the liviny Eh/ihus 
‘[frira nns (liy. (Wi'd, h). in ^vhich the “ ridye-fornnda ” is 
"^ + 8 + 10. Amony the other forms Indonyiny to tliis 
’^''■lion may he numtioiuMl Klqihnx phniifrons (dl t) ot 

l-'i.per Miocene (Siwalik formation) of India. E. imm 
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</io/i(tlis of tlie KnrojH'iiii rjioccm* (ti^. (Wlo). ilie I’ost- 
riioceiu' J'J. .Uclifi'iisis of Malta. 

3. >SVr//^;^/o/o— Molar.s willi iiiainiuillaloil tuboi'olcs arraiincd 
ill Iransversi* rows, tin* iiiiiiiluM’ <»f wlnVh is iioaily equal in 



I'l.j. f.'.t (.ninliiiL: MiUi. o| iiml.-ir t.'.itli Mr/-/,,,',,,, f.!., niip-tliinl il„- 
)i:itin.(l M/I-. rjijM'i Mi.iri n, , |ii,li,i. (Alirr .) 


all tlie molars. The *' ridyo-formula of h'ltjilitfs {Slrjiinlnn) 
i iisljl/Hs is 7-f 8-f Hh 'flu* aiiioiint ot cement in tl)i“ iiiolais 
is milch loss than in Kinhiihtis ami Lormhiii, ami tli(‘ iimini- 
ncnce of the ridyes is vcr\' cons|iicnons. Tlu' section may Ik' 
reoai'ded as inteiaiiodiate hetweeii the ty|>ieal ]‘de]d)anls ami 
the Mastodons, and it eomjirises tho extinct (/h/tii, 

K. //(niiltij I’oiis^ E. (itf/H.sif, and A’. insKjtits of thi* I ]>|>ei' 
.Miocene (Siwalik formation) of India, the last mciitiomal cl 
these ('Xtendino its raiiye into the I’lioeein* ol' the saim' 
eolllitrv. 

The j-de|»hanls ajtjiear foi' the lirst time in the 
.Mi(»eene (Siwalik foiniati<in) (d' India, in \\hi(di we meet with 
t\’]ies ol all tlie tlil’ee seel ions ot the ymins (AVe/ryV/es, 
Jjd.iDthiii ^ and Sft’f/oi/iHi ). In the Pli<»eene jieriod, we liud 
sjM'cies of Klejiliaiits widely disliihuted over Ihilaiii, kairel'e, 
.\sia, and Xoith America. Of the. Mnro|iean Mlejihants el 
(his jicriod, one of the most important is the A’A/V/e,s 
( Eiirh jtJitis) (nilujtniH, a molar tooth of wliiidi is liei'c liyuri'd 
(liy. ildh). 

This is essentially a southern idrni, ami is loiind i'> 
Tiioeene strata, in Kranee and Italy. It survived tlieldiieial 
period, and is found ahundantly in various rost-l’Iioeem 
deposits. It ahonnded in Post - Pliocene times ehielly o 
Southern I'aii'ojM*, .south of the Alps and Pyrenees; and it i'^ 
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]i;is broil iviKloivd a (‘(‘i-taiiity liy tlio (lis(?ovniy of Mio l)0(ly 
„t' iiioiv tlinii Olio Maiiiiiiolli (aiilioddod in tlio frozoii soil of 
Siliriin. T]i(‘S(‘ S])0ri incus iiad l)c(ni so jicrb'ctly jnyscrvc'd 
ihat cvoii iiiici'oscopicid si'clions of soino of flic tissue's could 
111' made* ; and in on<‘ cast* even flic evt's were prest'rvt'd. 
r 11)111 llit'se s])(‘eiiii('ns, wt* know tliat llio liody of ibo Alain- 
iiii.tli was ooveivd with a tliiek coat of ivddisli-lirown m'ooI. 
sdiiie nine or tt'ii iiieli(*s lony, inlersjterst'd witli coarse hlaok 
liiiii' more lliau a loot in It'iiylli. The molars of flic Maiii- 
iiidth aiv of tlio Kurlri>],u^ ly]H‘ (li.r. lii;;;), and (he tusks are 
liciil almost, into a oirolo, and may he as nmoh as twtdve 
in b'liyth. In si/a*, tin* Mammoth coiisiderahly (*xoeedod 
llir largest ol the liviny hh‘|ihanls, the ski'leton hoiny over 
Mxtceii fci't in leiiyth, (*xelnsiv(‘ of the tusks, and measnriiiy 
iiiiii* feet in ht'iylil. 

Aiiioiiyst other Kdephaiits wliioli oeenr in Post-Plioot'ne 
'hpDsits ma\' he iiieiil iom*d. as til' s[)ecial interest, tin* ])iymv 
l'.li'|)liaiil s ol Malta. t hie of these - -the EUftluis Md 
"1 ■'oi-called " 1 lonkey-(*h‘j)haiil ’ — was not more* tlian four 
'Hi'l a hall feot in heiyht. Tin* other- -the AVyd/o-v luflcourri 
"1 husk -was still smalh*!’, its avt*raye lu'iyht at the withers 
“''1 <‘\eeediny two and a half to three feet. 

lilt' ill most respects elos(*ly resi'inhlo the true 

l''l'T!iaiils, from which lln*y are distinynislicd hy their denti- 
As in tin* lAojihants, tin* n))por iiicist.rs yrow from 
l"'’''aaneiit ]mlps, and constitute loiiy tusks (liy. (d>8); hut 
the majority ol cases tin* Mastodons also possos Iowa*!* 
‘'‘'■'^"rs as w(*ll. 3'ln* two low(*r incisors, howovor. thonyh 
''i''h-s]iape<l, did not develo]> (ln*mselves to any extoiit, and 
"hi'ii disappeared in adult lilo. A more* im])')rtant disliiic- 
hciwi'cn the lAojihaiits and Mastodons is that the 
loeth of the latter are not only more numerous (as 
''-'"ds the iiumher ])i’(\s(>nl in tin* Jaw at any yiv(*n moment). 

have the peculiaritv that their crowns are furnished with 
'"lTh‘-slia])ed (*minenc«*s or tuhercles ]»laci*d in ])airs, t'orm- 
n niiinher of transversi* ridyi's (liy. (>(»8, n). Kach ol 
^ht‘ threi* molars posse.s.ses a like or nearly lik(‘ numher of 
'hese ridu,.^^ ]„p ||,j^ nnmh(*r varii*s in diller(*nt sp(*i*ies, and 
'duays much smaller than in the true lAephants. In 
M)f. II. '2 ]} 
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;iiv live-ritliicd, tlio liist l»ein; 4 ‘ .six-ii(lL;t*<l ; jiiid for lids tyj)(* 
pr Iddcoiiri' ])r(t])()S(‘d 11 h; luniic of Pndalophvdon. 



I'l :, (-0. Tliii'l iiiilU-iii"lai .'I Hi-’ l- lt .'-i.l-' "I I li.' ni-i-rr ja w .a’ .l-r 

v|,.,uuil; 111- -Till. liii- Miil.i. a. i’ll...-. II.', (ACti r l-y.'ll ) 

Tlic (list I'il lUli ' 111 of llu* _Lt(‘inis Mtis/dthhi in tiiut' is soinc- 
wlial |i(‘(Miliai\ siiK'o it coiiiiiioiK'cd liotli in l',ui'o|)(‘ and .Asia 
ill llic Mioccina and di<‘d dut in tin* I’lidcciu' ; wlnaa'as in 
America it dues nut setan to liave made its a]i|>(.‘ai‘aii('e till 
die riioeene. and it survived t lireiiuliont llie wlioh^ ol tlie 
lest I’lioeene period. It is eleai'. then, lliat like 

A’/ry///^/,s, ( iriuiiiateil witliin lli(‘ t dd World, and lamelied llu' 
New World liv migration at a later (late. Hotli tlu' 1 rilo- 
I'lmdoiit and d'etralopliodoiit t)'l"‘s ol the yeiiiis appear to 
lime heen la'preseiiled in the AliixaMie period, the lonii(‘V 
'•riiiy repi'eseiited by tin* .)/. tffji/i'nnl>s and .1/. <> 

the I’ppm- Alioeem* of F.nro]»e. and the latter i.v tla' M. 

1 ‘iisl /'Is of lMiro])e, and the .1/. A/pd' //-. and d/. jiimnii- 
of India; while the l’(‘ntalol>hodont ivpi i< re]»r('>ented 
"I tile rpper Miocene (Siwalik forniation of India bv M. 

In the Idioeeiie of Kurope tin* be^t known loriiis 
die ,1/. J/vr/y/m/.N/sof Britain and tlu* emi- 

diieiit of Knnijie. the M. An<lii>n, of South Anuamm, and 
die -)/. (Tr/ni/opinx/oii) of North America. In the 

d'ii"p('an and Asiatic aivtis, as bi't'orc renmrkcd. no nuanlK rs 
die o^„„s Ma^foiton have hitherto been detecb'd in d('- 
newer than tin' Fliocene ; but in North .Vmcri.m tin' 
k>''<it Mastixiiui or M. (f/Aof inis abounded m the 
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I’dst-riioceiu' period, and aiiotln'r spocins existed diiiinir t]i(. 
Sana.' time in Soutli America. M. tfhjd nlcus I'an^c'd fmiu 
(aimida to Texas, and V(MT t)erreet sjx'i'imens liave Lcrii 
exlmmed I'rmn morasses and swamjts, lari^c inili\idii;ds ni- 
tainiiie' a lenetli of sexamteen I'eet ((“xclnsiv(‘ of tlie tasks , 
tiui lieiii^' elevcm feet, and the liisks twelvi; feet in 

lein^tli. 

T1h‘ last of the Vroho^^cuhu is tlie siiiLtnlar DniiofJirrl n m ol 
the Aliocmie, whieli pn'sents enatain points of i'es(‘iiililim(c 
to the Sii'ciiians, and is s(nnetiines refeiiiMl to that oritn 




Ill'll II "I 1 1';/' ii'niii III' " III H, 

Orill'lllr; ^llir.iri' III llir '■.■lilii'. X'*" 

c.ii. Tiiliiin. (Altn K.ni)i.) 


The eeims is prineipally known hy tla* Imue skull of the "iil) 
eei'taiiily detei'mined sjieejes— namely, I), ifhfinilnnii (liy. Lj 1 . 
The most Jiotieeahle feature in the skull is the presence in 
the lower jaw of two enoi-iuoiis tusk-like iiieism's, which ;uc 
diieeicd xcitically downwai-ds, in eonseijiieiiee* of tin' ahvup! 
downward llexiii’c of the front portion of tlu'. maiidihle. N** 
eaniiies ale juesent in either jaw, and there are a]»|»iii’i''dl,\ 
no iippei’ iijei.sors ; hut both jaws possess a, series ol )>'■' ■ 
luolai's and molars, tlu^ whole ol‘ wlnddi .are in us(‘ at oi‘< 
time, the milk-niolai's heiiio displaced hy \erlical succi'Sseis 
in the usual manner. 'I'lie erinvns of the molars .are ci'ossmI 
hy strone transverse rid"-es 0i'^ hVl!), su'd exhibit marked 
Tajiiioid (diaracters, while in some respects they resciii > 
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tlie inoliirs of lli(‘ NInstodoiis. The aiiiiiial iiiiisl liave 
ail eiionnoiis size, and it is prohabh; tliat tlie curved 
nishs M(‘re nsiul eilluu* in din^ini;- ii]* roots or in mooring- 
ilicir j)ossessor to tli(‘ hanks of rivers, for its liahits were 
|iiol)a1)ly aiiuatie or siuni-aiiuatic.. Tins little that is known 
lit tlie. skeleton, exc(‘]t1 th(‘ skull, would conlirni the refenuice 
(it the U(Uius tit the a. 

Dclno/hrn'/nii is only known from the Miocene, deposits, 
;iiul D. (j'Kjdnicvnt seems tn lie the only sjtecies. Its remains 
;iiv tound ill (!(‘rmany, f'rance, and (livece, hut it liiis not 
liicii discoxcred in America, and jiiohahly did not exist in 
llu‘ Xew World. 
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or mammalia (i'nMi,n>ni . 

('AK\IV(ti:A. 

0|;iii;i; XII. ( 'AlIMVniiA.- Tin* twciflli older (tf ^1:1 lllliials i> 
tliat of th e ( nn rurK, edin (lie /'ovr, dj' el 

lTe\, aloil'H' with the old onh'l' (»! the ,/'/// //Zy/e/Z/e, el' Seiil- 
and A\'alriis('s, these latter hein.L! now Miii\ersallv reaaideil ;a 
iiiereh' a uroiip of the ('to'Ho'do/ iiKidilied to h-ad an a<|uali' 
life. 

The ('(t r/ii rti/-ii ai'e (list inuiiishi'd l>v alwavs jKissessina 
st/s d/ /rr/Zz, It'll tth n I'f st m jil tf tiii'i I'nl liij iitii nn I , lOnl tiff zd/ee//' 
n/ ! h It !' iiiiils—i/ifisn/'s^ riOOili's^ iiiii/ //inho's il t /Jt I'l iKJ Ji'''"' 

Hilt Hiiiillii r III siitijii iiiiil srj'. Till' iiifisii/'s ni'i' I/I iit'i'till // ,, 

(i.rrrp/ /// sii/nr Si'n/sj ; lilt I'liillili'S li/'t' (llli'fO/S ^ <Oli> a/' 

t n nt fiiihl tj III Hill lll|•l|l■r iiml liiinfir tliioi (In' ini'isiirs. Tin' /^I'l 
iiiiilii rs n ml iiiitliii's iii'f iiiiisllii f iiniishnl ii'ifh nilluni m' t I'fin'lnni/ 
nlifis ; hill fill !/ iiiiiil iiiilr f I'lmi n I'utlonf fun f iihi'i'i'i'lnf'' '''' 

fill' (Ini IS sfrirfli/ ni I'li i ron/i/s, in' hiritini's iiiin'f in' /z'-ss m isi'i'll" in 
nils, in the t.v|iieal ( 'aiaiix'ore.s f.siieh a.s tlie Lien and I iu^'i . 
the hist tooth hilt one in the n|(|)(‘r ja,w and tin; last tonlli in 
the lower jaw an; known as the “eainassial ” teeth, having: ■' 
.shai'p enttiii'a ed^^e adajzted for dividing- llesh, and eeiieiall) 
a nioi'e or le.s.s devehiped tnhej'eiilaled heel or inlt'i'iial p'e 
eess. A \aryini4 niinilier, liowi'voi-, of tlio molars and p'*' 
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mol.'irs may lx; “ tiil»orcul;ite,” tlioir crowns Reiiit;- adaptcul for 
liniisiipi;' rather tliaii cutting-. As a <;cneral rule, the sliorter 
the jaw, and tin* li‘W(‘r the ])ra‘molars and molars, the more 
(;iniivonms is llu* animal. The jaws are so artic.uhited as 
to admit ot vco’tical hnt not of lioi-izontal movements ; the 
/v-omatic arches aiv _i^Teatly develo[)ed to i^ive room for 
the ])owerful miiseles of tlie jaws; and tlie orlhts are not 
si'|iai-a((‘d from tlie tmnjioral fossa-. The inti'stine is com- 
|i:irati\’ely short. 

In all till' ( I'lH ntrtf /hr r/((rir/rs nrr rithrr (illoijrfhrr v'anf- 
//? 7 , or orr (^tnir rtn/ i rif. Thr tors orr proridrd irifj, 
'^Ion'll rurmt r/oos. 

flu* orih-r (’ormrortt is ilivided into three \’erv natural 
sections : — 

Sd'/toH /. iwfrodti or Pm m prd to . — 9’his si'ction com- 
prises the Seals and Whdrnses. in which the fore and hind 
liiiilis ai'e shoi't, and ari' (‘X]>an(le(l into hroad wchlnal swim- 
iiiiiiL:-|iaddles (liy. dT*', r,;. The hind-feet an* ])laced very 



lliii.l iVrt (.rs<';il : < . OmitKinuUi, n...t nl Lioii. 


hack, iieai'ly in a line with tlu* axis ol the body, and the\ 
"mre or less tied down to tin* tail hy the internments. 
drrtinti //. V/n )ti ujnuhi . This section comprises the 

and their allies, in which the whole, or nearly the 
of tin; f,„,( is apl'lit'd to the rwonnd, so that the 
‘""’"‘id walks upon the .Wes of the feet (liy. tiTih a). 
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St'cfioii III. ]hii}f iiirai}(L~'\'\\\s si'ction I'onijtii.scs Hic 
Lions, Tii^'ors, (’nts, Do^s, \l'., in which tlu' hc(‘l of tli(> 
is I'iiiscil entirely olh tin* ,i^Tonii(l, and llie aiiiiiial walks ii|i()ii 
the ti])s of tin*, toes (ho-. hTd, <■). 

As I't'^ards their general distrihnlioii in lime, if the little 
Mic/'nlrshs ot the I ])))er Ti’ias he Mtt rsti pift! , as is ahiiost 
cm’tainly tln^ ease, iheJi the order is eoni|)arali\(‘ly 

niodei'n, t)i(‘ earliest nndonhted icmiains ha\iny lu'cm foiiiid 
ill the I’ioeene Teitiarv. Jn the Loceiie jieriod, howe\'er, the 
laniilies of tin* (/<(nul<f\ I and FiUda' apjicar to 

ha\(.‘ been alivady dillereiitiated. The Mus/r/li/if^ 

l/ifo/iuhr^ iind do intL seem to ha\’e made their 

ajipeai'aiiee l»(*lore the Miocene ])eriod. In the Pliocene and 
Post-Plioc-em; peficKls almost all the existing t\|ies of lhi‘ 
('(iritimni ar(‘ represented hy extim-t forms, whilst; in the 
hitter the remains ol \arions li\'ine species aiv found asso- 
ciate(l with other animals which ha\c at the presmit da\' en- 
tirely ptissed away. In tin* following- are ejvmj tin' ehaiar- 
ters and chiel lossil forms of the families of the ( d m i roi'n . 

Si:('Tn»N' J. PlN.\n;it.\l»A. This sectiem (d' the (dntironi 
coni[n'ises the jimphihioiis Seals and ^\’alruses, which (iillci' 
Itami tin' typical ( 'arni\drcs mci‘el\ in points connected with 
their semi-a(piali<- mode of life. The hodv is (don.Ljateih 
sonn.'what tish-like in shajic, and lermimited hy a shell 
eonical lidl. All the foiii’ limits are, prestmt, hiil, tliev nm 
\cry short, and the live toes (tf eatdi foot ari' itnit(‘d hy the 
inteyiinii'iits, so as to foiin pt/werfni swimminy- paddh's. 
1 he liind-fect ;ir(‘ placed very far haidy their a.\is neailv 
ceitieidiny with that of the, liody (liy. t!7.‘h If). Owiny to 
this cijciimstaiice the hinder end of the hodv thrins an 
admiralde svvimminy apjtai'at ns, similar in its action to the 
horizontal tail-lin of the ('iliicdi and St I't it itt. d he dcid 1 1 ton 
varies; hut teeth of thn-e kinds are alwavs |(i(‘S('nt, in li"‘ 
yoiiiiy animal at any rate, d'he caidnes aie always loiiy and 
])oint,ed, and tin; molars ari* yctierally furnished with sharii 
cuttiny edyi'S. 'I’licre is always a diminiilion (d' the incisors 
helovv their normal nnmher of six in each jaw, anil the 
molars are never divided into carna.ssials and tuhi-icular 
molars. 
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'I'lic Snils (Phitrldtr) aiid Sea-lions (O/tfrla) jire disliii- 
oiiisliiMl l)y having incisor in l)otli j;i\vs, and l)y IIk; 

fad that llu* canines aia* not iniinoderately develo]>t'd. As 
icyai'ils tlaar (list rihiition in time, tin* Seals an- indicatc'd as 
oninriny in tlu; Mioecme {iHtiria) and I’lioceiie 3'ei‘tiary 
‘rrls/l/ihonf)] lint their remains an* hy no means .as ahun- 
(laal as miylit have been antieipated from their aijiialic. haliits. 
lli-iaaiiis ol Seals, ho\V(‘\'er, ai‘e hy no means very ran; in 
rosl-Tertiary de[iosits. 

Tla* W'alriises {Trirluriiht) ai-(‘ (list inynished from the 
Seals hy their enoi'monsly-d(*\ (‘lojK'd n|i|ier canines, wliich 
;aro\v limn |iersist(‘nt pnlps, and eonsiilnte yreat pointed 
tusks. heiiiains ol' larye rinniyrade Carnivoia's {Trivlncddoii) 
liiivi* he(‘n (h'serihed I'l-oin the riioeeiie 'hei-tiary of Ihirope, 
uiitl apjieai' to Ik* nearly alli(‘(l to the. (‘xisting AValrus 
I Trii-lunis). 

SldTiii.N II. I’i,.\NTi(ii:.\l).\.— TIu* ( arnivoroiis animals he- 
I'Uiyiiiy to this s(.‘ction apply the whoh* or tlu* yn*ater part 
"1 the sole of th(‘ foot to the yrouiid (liy. <i73, .\}; and the, 
I'dlioii of tlu* soh* so emjdo\(‘d is destitute of hairs in must 
iii>laiie(‘s (tin* soh* is hairy in tlu* Polar Ik'ar). 

I h(‘ typical tamily of the Plant iyi'ad(* (\n‘/i irart/ is that of 
the f isiiIk Ol- Peal'S, in which tlu*. entire soh* (if tlu* loot is 
iipl'I'^'d to the oiiaiiiil in walking. Tlu* I'rsiihf are much 
imn-ly carnivorous than tlu* majoiity of llu* ordci', and, 
111 ueeonhinee with tlu*ii' omnivorous hahits, the teeth do noL 
''\liihit the typical carnivorous characters. Tlu* iiici'' 0 ).s and 
''iiiiiu's ha\(* tlu* ordinarv carnivorous form, hut the " carnas- 
"iiil ' or se('torial molar has a tuhci-culate crown instead of a 
diai'i, ' ultiiiy (‘dyt*. 'I'he (h'lital formula is - 

.3 3 1 1 11 33 ^ 

3 :: 11’^ 4 f 3 3 

I he claws ar(* laryc*, strony. and curved, hut ar(* nut n*- 
ti'uehh*. Tlu* toiiyue is smooth; tlu* t*ars small, (*r(’ct, and 
''"'iiidcd ; tlu* tail short ; tlu* nose forms a niovahle truncatcil 
'"'‘"'ll ; and the |Mipil is eirciilar. 

•’ll" Pears mak(* their aii]u*aranc(‘ at a com|>aral ively lat(' 
'•''h‘, the oldest known tvpi's h(*iiU4 rel(*rahle to the yeiuis 
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Jl/ffriKorfos, wliicli coDiineiicc's in the Aliooc'ne. S|)e(no,s of 
Ifiio iiardos are loiiiul in tlie Alioeeiu' of France, and in tlu* 
Tertiary deposits of tlie Slwfilik J tills in India, iind also in 
the Pliocene of Kuro|»e and South America, so that ilu! raii; 4 “ 
of the yenus is verv extensive. The Miocene ii;enus Aniphi- 
r/foti, thonyli resenihlin^- the Bears in heiiio idantierade and 
a cliinhcr, is best emisidered as an aberrant nienihcr of tla* 
Cniiiihr. The A nil 'III rnn III of the late Tertiary deposits of 
Soutli America seems to h(‘ ndaled to tin* liviite; “ S]a'ctacleil 
Bear” of ('hili ; and tlu' (‘xistim^' t^omiis T/'-sv/.s' is i’('|)resenled 
in the Blioc(‘n(“ of Kuropt' and India, one of the best known 
foi'ius bein; 4 ' the f'^rs/is Afn/'iu'Nsis ol fi’ancin In tin* I'osi- 
Tei'tiary [xadod tine two most important sjx-cies aiv the 
p/‘isi‘ti.'i and FV.vn.s of whii-h the former is a)>])ai'entlv 

identical with tin* livinu' (lri//ly B(‘ar ( r/w/os- /e/c/ 'lln' 
( 'a\'e-bear ( f V-sv/s sy»/o7os‘, li^. l»7 l) is a. yioantic Beai’, wliieli. 



Ki;.;, <171. Skull ol / / ■/W/.-,, ,. I-m^i l-li-.r. ii.'. 


as its name inijdies, ha,s been found mainly in ea\ erii-d<‘l"'sit> 
The size of this sjpeoi(*s considerably exceeded that ot aii\ 
existiiiu Bear, and it is especially eharacteiistdc ol the fit*'' 
pol l ion oi the Bost-l’lloeeiie ))el‘i(»d. 

Mon- or less nearlv alli<*d to tin- true Bears ai’e the liith' 
liviiiL; animals wlii(di ai’c known as (’oat is fAo.sv/o), IJacooii'^ 
( rriii'ifiiii), and Kinkajoiis (( ^r/'n/lrplfs), all ol wliich at tin 
present day are contiinsl to tin* American continent. l'“ 
nil ii>> of the Blioeeiie of North Anna’ica is the ohh 
I'rsine type known in this continent, and seems to be idhc 
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(i) lilt' Coatis. Tlu' l)()]ie-cavi‘s of Brazil luiv(' vicRled iv- 
iiiiiiiis of two s])('(‘i(‘s of and a Racoon has hecii found 

ill l*ost-d crtiary d(‘]»osits in Illinois. No certain reniains of 
arc known ; hnt the Arrfnrf/oji, j)riiita'nis of tho 
Eoccik' d’erl iai'v of f' ranee has heen conij>ared with llu' exist- 
ing Kiiiknj’ons. 

The only remaining family of tlu' rin i^t'Kjnuht is that of 
tin' <»r Radgi'rs, characterised hy their elongated ftodit's 

iiiid slioi't legs, and hy the fact that the carnassial tooth has 
ii iiatlly cutting edge, and is not wholly tnberculate as in the 
hears, 

'file earliest remains of Mcliihr are from tlie V [)])(']’ 
MiocciK' deposits of the Siwalik Hills in India, in wliicli we 
incct with the liN ing genus J/r////-e/-e fcom[»rising the Honey- 
hadgorsi. and tie* allie(l hut extinct (’rsiht.nix. 

IcMiiain^’ of Radgeis have heen found in Rost-Tertiary de- 
I'osits in JMirop(‘, and they ari* prohahly referahle to the 
(‘xistiiig Mills, fir.r/is. 'file dlnttmis {(lulu) are also only 
known li’oni I Nast-d'ertiaiw accumulations, and the so-ealled 
(lnh) sjH'lii ii.'< (»t' the ca\ ern-de]tosits of Knrope doos not appeal 
to 1 ) 1 ' separahh' tVom tlu' common W'olverim' {(Inin hmensy 

III. 1 lici ri(;i;.\|).\. — In this section of the (/nnii- 
''"I'n till' lieel is raised aho\(' the ground, with tlu' whole or 
till' giontci' pai't of the metacar|tus, so that the animals walk 
liioiv di' l(‘ss emilpletelv oil tlu' lips of the toes tig. 

^o ahsdhite line. hoW('\er. of demarealioii can he drawn 
hotweeii till' Riant igrade and Ihgiligradi' sections ot the ( nr~ 
iiirnni, .sinei' manv foiaiis {r. if., Mitsli‘1 nhr and I inmilfr) 
rxliiliit t lansitional eharaeters. and it has e\en heeii juoposed 
lo place these in a separate section, under the name ol >\iiii- 

I'lniil I<ini(l,i_ 

1 he lirst lamilv of the I (iip'l nirinlif is that ol the M nsh I nln . 

\\ easels and ( Mters. including a nuinhcr ol small ( armM»rcs. 
''^’hh short legs, elongated worm-like hodii's, and a peculiar 
;alidiiig niodi' ot jirogression thence the name ol 1 I'niujnrnii's^ 
'^oiiici iiii,,^ applied to the group). 

The Mi,sl,li,l,r ajijx'ar for the first time during the :\Iiocenc 
at which lime there existi'd in the Old World a con 
"•'Tiahle nuniher of types referahle to this family. Thus m 
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tlu‘ ^riocoiu! Tcrliarv of Wcstoni fairoju', \vc iiifcl witli 
sjHH'ies of tlio (‘xistinL;' ;^viu-i-a M/fsfrhf (\\"(‘;)si‘ls) and ////,-,/ 
tom’tiK'i' with lli(* oxtiiict J’l'inin jili il IX and Puld'n- 
mqi/nfix^ and llic Ottcr-likii Ptihinnitliiriinii. In Uic saiin; 
dn))().sits ai'(' found the tvansiiional (vjics Lulriilix and 7'^/,/v/- 
ihm : lli(' Idrnici' intcianodiah* Iti'lw'ccn tin* ^laili'iis and i.Ik* 
(dvrts, with allinilifs to tin* (Mtnrs; wliilo, tin* lattnr lias 
rulationsliips with holh tlio Otters and the DadLi'ers. I.astly, 
in the rppei* Mioe(*ne of the Siwfdik Hills in India we lane 
species of Otter (/.a//-n), and the related hut extinct yeiiiis 
Eillniil I'lndoii , 

J'lit* second laniily of the Semi-plant iyn-ade Carnivores is 
that of the / 7/-/ /ve/e , the Civels and Ceiietles. Thev ai'e 
all ot niodi'rate sizt*, with sharp nin//d(‘s and lonp' tails, and 
nioi'e or less striped, or handed, or spotted. The eai'iiassial 
molar is ti'tmeliant ; the canines are lonu, sharp, and poiiiliMl; 
and the foiiLtne is roiipln'iied hy nniiierons piaVklv papilla-, 
llie last lW(» upper molars and the hist lov\a‘i' molar am 
luhereiilar. 'I’he (daws are seini-ret raet ile, and tla* pupils 
can (.'oiitract, on exj»osni'e to liitht, till they n'senilde a nieiv 
line. 

d he Vnu rndn ap])ear to ('((innienee in tin* Hoei'lie Tei'tiary, 
heiny re]»r(‘sented in deposits (tf this ayi* in lMiro|ie hy llit' 
yeiiera Ti/lmlnii ainl /C/ee////e//7, and in Xoi'th America Im 
/ irin'iirus. fn the I.oWel' Miocene o| I'llirope occurs tli(J 
extiimt yeiiiis I’rorinrrn: and tin* researches (d' Caiidiv 
ha\e thi'own an inlerestiny lipht njion the N'ivei'riin* /C/- 
lliiriniii^ tVoin the I jiper Miocene deposits of Attica. ln 
this yeinis, thonyh the upper jaw resenildes thal, (d' the true 
( ivets in pos-essiny two tiihereiilar molars Indiiiid the earnas- 
^dal lie. the hindmost (d the.se is (d small size, niid 

sometimes almost riidinientarv, thus approxiniat iny to iH' 
type ill' the llva-nas, in whiidi this to(dh is altoyetlier ^vaiit- 
iny. '1 he hind leet, fnrtln'r, have oiilv lour toes, t >1 hd<'i 
fol nl^, we miiy netc the (/(ilirifjuis of the I'lioeelie of (Kllinymi, 
in Switzerland, winddi seems to he. intermediate hetweeii tlic 
(‘ivets and the lUtys;. 

I'oiiiiiiiy a, transition hetw(*en tin* / hdv /■/•/VAc and tin* hl>d> 
is the laniil)' ol the ! I na (list iiiyiiished hy tin! tact tliati 
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lliocoiie iKM'iod tin' -viius Ihurnu was well i’ej)ieseiite(| i 
Hiirni.e, tlie licsl kii.iwi. siiecios iK'iM- tliii /A , 

or (1,0 IV,s(-TertiM,T lly;,.nas, tl„. I„..t k„„«n an 
Miost is III,. Ki’i^'aL CavL-liya'iia (////»,,„ |i, 

i> 7 i;). This s|>,_.ii(.s in many ivs|m.cIs |■,•.s,.ml.l,.s ll,,. }hi„l 
'run,!,, ul Si.nlh Alii, 'a, nf «lii,.|i il is |nol,al,ly i.nly a'vini 
fly : anil u inliahiU'il Krilain and tlm yivalci' |,ail nl' Kmui,, 
liannL; llm l’(ist-lii(i,.,.nc |„.ii„,|, |(s r,. mains i(ri,.|| 

111 fivat almndanrf, and no ilonlii can l.c ciiti.iiaiiifd as t. 
||S haviiiy snnivfd inlo the linnian |,eiii,d. 

'I’lif iifXI hiniilv IS I hat or liie , n)ni|,i isinu lli, 

Iliiys. 'W.ilvi.s, l•■,,^,■s, and darkals. The mcmhers nl' lha 
laiiiilv are c haraeleiised hy Imviny i.ninled liin/zlcs, siiienll 
l"iiyiifs. and imn-relnirlile clans. The roic-rccl have liv. 
tees each, llie hinddeel have mily r.nir. The nmlar Icctli an 


■'idf me tiilicii 


The eaiiiassiiil ]| 


IS a loh'i'ahh' liiiijc 



III'' tine Doos iiial tli<> Wolves, huniiiii^ (la* -(‘iiiis 

I o\('.s f / (•;iii hardly he (list iiiL^Miished iVom 

aiKithcr, as lossils, with any e(‘r(aiiit v. The oMcsl 
kiiowii types ot the ('an'nhi appear in the Moecaie of Kiiii'pe 
1111(1 North America, thoii-h the triK^ jM)sition of nio.st of these 
' <irlv h.rins is somewhat nmmrtain. The rtilpan's of Noilh 
America, seems to l,e rehiOsl to the livin- Foxes ( />/y(s,) : 
and the Fiiropean Foce.iie has yiidded various extinct ^eiieiir 
such as (fiihihijhi.r^ ( 'ijiiollu ri n m , and Cffmxloii, which ai'c 
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jiioliably i'eferal)l(‘ to Uu; C((ni</<r. Cj/nodoti (lin'. GT8) s(‘eiiis 
t(i li(i iiiterniodiiitf*. l)<*lw(*('n tlu; (Uniuhr niid llie J' ircrrido’, 



I'l' 1 , 1 'fl ratlins of til-' l.iwi-r .i:i\v . 4 ' /, u-, (., 7 , ,,f tin- ii;itiir:il .-.i/.c. i;or-'iii‘. 

I'laiir.', ( Allfii'il (ruin <;;in.|rv.) 


nmvciiiL;- witli lilt' runner in linviiiy two tiiliei'enlar inulars 
lieliiiid llie eaniassial uii eacli sidt* (d’ the lower jaw, W’hile it 
:i|ijiniaeli(‘s the Civets in havin;^ an internal jtroeess to the 
lower eaniassial. W'e may also |»rovisionally jilaei' in tin' 
the eiirioiis (d' the I'aieimi* 'lertiary ul 

I’laiieta tlionuh it is a. very uvneralised tyjie, and ])ossesses 
]ie(.adiaril ies which jti't'vent it heinif didinitidy placed in any 
I'aiailv of the exist inu' Carnivores. 

In the Miocene Tertiary W(‘ meet with a nnniher ot types 
"t this t'amilv, imdudin.Lf the existing ymiiis Ce///.s\ which has 
lieeii (hdeetetl in deposits id this aye in North .Vmerica. t)| 
"llu‘r Mioemie lonns, }\'<i iuloi'ijnii seems to hi' allied to the 
litiys; Ihnniifini is ill some respects intermediate between 
and (iiilo; and SiiiuKjidii. ol the I pper .Mioi'cnt.' ol 
Creeee, is an ahi'rrant t\’pe, with molars like tnose ot the 
ICys, mill (‘anines n'seinldiny tliosi; ot the tthdu, ihe 
'‘"»st important <d' the Mioei'iie Ce///i/e. howe\er. is 

species of which have heen toiind in kairope, India, and 
^"ilh America. In many ol its eharacters this yeniis is 
caieralised, sine(‘ its hind-reet were ])enladaet\ hais tho.se 


"1 the I leys In'iny hnir-toed- — and its mode ot ])royression 
'^'■''las to have heen plantiyrade, as in the hears. Iheie 
'‘>;'"ted id.so an additional molar on each side of the njiper 
and all tin; molars were tnlierenlativ Ihe dentition 
W’as therelon* complete, the dental lormnla heiny 


. d 


1 

I 


1 

; p/a 

1 


T r 


in 


^ 44 . 



400 


orJ)KIJ8 OK MAMMALIA. 


Ill llie tru(‘ l)o^s, (111 lli(‘ dtln'r luind, an n])))t'r iii()];ir is 
inissiii; 4 \ and llunv aiv thus (inly two tulioivnlar l(‘(‘tli lu'liiinl 
tlio n{)|i('r oarnassial (tlic Inni'lli jira'inolai ) ; tin* diMilal 
t'ornnila. liciiiy — 

. ;i i- i i- i , 

/ ; ; pm — ; m 4 

;; i- i 4 4 

Tn tli(‘ IMioi'cm* jiciidd, csjiocially in Norlli Aiinaicn, 
s|i(‘('U‘s (if f'ti/iis scciii Id liavo alidiindcd, and tlio saiac is imc 
dl' till' I'd'^l - OlidcciK*, sdiiK* of lli(,‘ l*(isl-4’(‘i'l iai'\’ I'drins limi'a 
m-ai'ly nr (jiiilc inscjiaraldc IVdin exist iny s|ie( ie,s, 4'lius. 
llie Sd-('all(*(| f Jtmi /I III /‘IS J«iss// IS if\ the ea\’es dj’ ( dTiiianv, 
ILluinin. and Fraiieia apjiears to Ik* v(‘rv in-arly allieil tn llie 
ddiiK'siic 1 )oi 4 ’ of the |iresent day. Similarly, llie su-calh'd 
(/ii/iis sjiihms^ jind (^unm rulius sjii'hnis are iiearU’, it' iml 
(jiiiti*. identical with the existiiii;' AVdll’ and I'dix df Liir()]ii’. 

\\h- may lieiv intercalate llu* siiiyiilar extinct uciiiis 
Jfi/ii iinilnii , with its allies, lur which it is nec(‘ssar\' Id cslali- 
lish the distinct family df the Ififiriinihnirnh,. Jhji I ilntlnil IS 
fdiind ill the Fdceiie and Alidci'iie 'I’ertiarx' of Fiii'diie, and in 
dejidsits df the latter aye in North America, and is rciiiark- 
ahlc- on accdiiiit dl' the nature of its teeth. 'I'lie di-iil ilicii 
is ('dm|)l(4i', the dental formula heiny — 

I- i (- .1 

/ ; r ; j>m ; m 4 1. 

l -l 4—4 

Monaiver. there is tlnr character - nne.xam]d(‘d anidii'j tin' 
existiny t 'arnivores - that nil the molars ha\'(‘ trciu'liaiil 
ed^cs, :iiid iiio of iJk; “ cariiassial ” or sectoriid I'di'iii ; ainl 
tliciv arc no “ tnherciilar ” molars fliy. OT!!). In this res|»c( l 
1/ I/ll II, I, lull ajijifoximates to I he liviny Marsii|iial yciins 77///^' 
nuns. ’I’lie extinct, yenns Pfiroilmi of the Fiirdpean l'ain'iit‘ 
is nearly allied to 1! i/n iimlini , as is also the hnnininjim ol tlic 
Middle Foceiie of N’oi'th America. 'I'lie latter, however, hns 
dijlv lour lower ineisors. Misuiu/.r and Lim mmum , ol tlw 
American Idicene, also sci'iii to projierly lind a jdaci* in 'lie 
laniily ol the 1 ! iiiiiiDilunt iihi\ thonyh the former has seiin 
very jiecnliar (diaracters. 

4'he last yroiij) of tin* I)iifltvfr<itl(i is that of the Filnh' . "i 
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.2-2 11 3— :i 1-1 

i ; c ; vm ; m = 30 . 

3 -:; 1—1 2-2 1 — 1 

Tlio legs iir(‘ iienily of e([u;il size, and tlie liin(l-fe('t have 
only four to(‘s (audi, whilst tli(‘ foi'(‘-fe<‘t lia\'e ti\{‘. All llu- 
toes are furnished with strong, curved, retractile (daws, which, 
when not in use, are withdrawn within sheaths hy tlu' actiiai 
of (dastic ligami'nts, so as not to Iks uniKM'essaiily hliintcd. 

ddie ('arli(‘st known ty|i(' of the true Ftl'uhr would seem 
to he the Lun iioji ! IS {\\\‘ Middles Koceiic of Nhu'tli Aiiici'iia. 

which appears to he a genuine ('at, though its slnicluiv i> 
not fully known, 'riieia* arc also other Icoceiit' types, wliitli, 
when fidly uii'lcrslodd, may prove to he ivfci’ahh' to lliis 
family. In the Miocene period true Frlidir ahoiiiah'd, a.^ 
also in (Ik* riioeene. hoth in Muivtpe and Xoitli Anici'ica 
In addition to \ai'ious forms referahle to the existing gt*iiiis 
/'W/h, tin* .MioeeiK* deposiis have yi(‘Ided tin* I'emains of tlic 
singular extinct genera. Fsi mla ! n rus, IF/iirfls, and Mtulnilr- 
iif/iis, ddie lirst of these (litters from F/ls propi'r, in pos- 
sessing an additional praamdai* in the lowei’ Jaw, and it i" 
found in the Miocene of lairope and the riioeem* of Nortli 
Amei'i'ai. Finlrfis, on the othei* haml, not only has an ad 
ditioiial lowei' |)i‘a in(dar on I'atdi side, hut it possi'sscs a 
minute tuherculai- molar heliiiid the carnassial tootli. It 
oe( Ill'S in the Miocene of North America. Lastly, tin* genus 
Mdchu ! rml H'l includes tin* so-called “ sahre-toothed I igcis, 
and is wididy (list rihiitiMl hoth in sjiaee and tiiin*, I'anging 
tiom the Miocene to tin* close of' tin* Lost -I'lioceinX aiul 
heiiig already known to <»ccur in L.iitain, in the ('ontiiiciii 
ol l*an’o}»e, in India, and in North and South Ainciica. 
M'lcliiii ntil US presents us with the ( 'arnixoroiis ty pe in h"' 
most spiK'ialised condition at pre.seni, known; tin' upp'U 
canines hiang exti'aordinarilv devedoped, trcindiaiit , 
sahre-sliapcd, with linely-seri'aled margins (dig. h-S I ). N'l 
true molar is present, in the upper jaw, and tin* piieniolai^ 
an* I'cdueed to two on eaidi side of eacdi jaw. The dental 
formala is 

.3 3 1-1 3 — 3 0 () . 
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CHAPTEU XI.VH. 

iiUDEns OF MAMMALIA 'nut in Hi ll). 

Ii'oDKNTiA, CiIKIUoI-TKI.’A, AND I NSKt TI Vni; A. 

Okdki; XII 1. lOniKM'JA. The (hiiti'cntli unl(.‘l’ of Miihi- 

iiii(/iff is lliat of tlio ILitliiitia ^ or IohIohI Aiiiiiials, ol’lcii 
s|iok('ii ol’ as coiiiprisiiii^^ the Alice, IhOs, S([iiincls, 

loihhits, Hares, Heavers, Ae. 

I la* are eluiraeterised hy the possession el 

hniif rtiyri'd t nctsor Lilli iii iitrli sijui rdldl liif d d'liF //e 

L I'l'di ji'idil 1/(1' iiio/di's. TId’ hdi'i’i’ jdii' hds iidii'i' 

Ill'll nj fjii.si' I iirtSDi'.s, didl fill' iijijiCf fdli' I'di'illll Iml se///* - 
liiiiis Ihi'i'i' di'ijidir iij)j)ii' iidt.sd/'s. T/d'i'i' dll' lid I'd il I Id' III III, 
dull t/d' iidildi's d ml jtrd'Hidld rs d rr fi'ir m ii ii mhi i' (I'di'i'hj iidid 
llidii Jidir uH ndh sdir df l/ic /'///'). T/d' fu f d I'l iisiidllif / I'l - 
iiis/ii'il ii'illi Jirr Idi.'i I'dih^ dll df ii'liiili dfc diimil d'll/i rid/rs; 
didl ihr lidllii,i\^ V'ldii jH'isnt/^ fldi.S ildl illl/fi' III /(d'lii J I'diii tin' 
dl/n r ildjifK. 

The most eliaraetoristie point ah<»ut the Hodenls is l<i 
found ill the structure of the incisors, which are ailapled ler 
rontiinioiis i^nawiin; — lienee the name of Ildilutll". H"' 
iiicisoi' teeth ai'c commonly t wo in each ja w, and I law 
ti’om pei'Nisteiit pnl|»s, so that I la‘V edutiniie to yi'ov lliroueh 
out tla* lih; of the animal. Th(‘y are larya*, lon.Lf, and carv'd 
(liy. 0 82, A), and ai-e covered anteriorly hv a. plate ol h'"'! 
enamel. The hack part of each incisor is composed oiilv "I 
the comparativady soft dentine, so that wlam the tooth 
exjjosed to attrition, the soft dentine hidiind wears a\\a\ 
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iiioiv ra])i(lly tliaii llu; hard eiiainol in front. The. result of 
lliis is that (lie crown ol tlie t(U)tli ac(|nires Ity use; a eliisel- 
like slia])e, bevelled away hehind, .and the enamel forms a 
|iiasist(mt enttinn' ed^ce 

TIk; ^Miawim^ action of tlu* incisors is assisted hy the 
iiiticulation of the lower jaw, tlie condyle of which is ])laeed 



iidiiially and not t ransvcrsidv, so that llu' jaw slides 
Inckwai'ils and hirw.ards. The molars, coiis(M|iicii(1v. liav(‘ 
Ihl (Towns I ii^- (is 2. it'i. th(‘ (Miamellcd siirfac(‘s of which 
always arranu(‘(l in trans\crsc riilycs, in opposition to 
die aiilcro-poslci'ior moNcniciits of tin* jaw. 

llic lh)d(‘nls make their first a|>)icaranc(' in tin' ld»('(>nt‘ 
d‘i'liar\ , and alioiind at tlu* jaa'sent daw Xhay many lossil 
*"''>iis arc known, and many of thesm cxaai of tlu‘ (dtk'st. 
k'fpiij.. (o ofiiei'a still in existence, thouyh few arc of sprsdal 
lllleivsl. 

I lie oi'(l(T compris(*s a xcry laryc nninhcr of 

^'""dics, of which only thosi* containing inip<u-tant f((ssil 
''‘l'i'es('iil;it i\a‘s can he m>ticed h<a'(‘. 

1. — In this family are the llai'es 

'Ve/c/N //■/// o//cs) and h'ahhits {I.r/ms r///;ha^//cs-), distinu'uisluMl 
'"'""test the hodciits hv flue ]M»ss(\ssi(m of two small in- 
ill th(' iipp(‘r jaw. ]»laced hehind (he central chisid 
d'i'lic(l incisors, so that (lu're are four Uj^jn'r incisois in 
I h(‘ molars and praanolai's aia' rootless, and the di'iital 
'"'■"mla is - 
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Till' clavicles iuv iiii|tci feet. The rorc'-lcqs ai'(‘ ruriiislied 
witli live and are. e(»nsi(h*rahl y sli(»iter lliaii the IuikO 

leys, which have only four toes. The two orliits eoiiiiiiiini- 
eate hy an a|iertni-(‘ in the septum. (lelieially there, is ;i 
short erect tail. 

TIi(‘ yeniis Ljiifs itself i.s found in the riioe(“ne di‘p<isiis 
of Loth North ami S(,iuth America, and in the Post-riineeiic 
ea\ e-deposii,s of l*,ra/il oeeiii's a llai'e, neai'ly allieil to llic 
li\iny L. />nfsil ints/s. In the Miocene of Xortli Anuaiea the 
Hares ar(‘ repr(*.senleil hy the e.vtiiiet yeiiiis I’tilo (iluijiis, mid 
lu th(‘ I’lioeime of the same country we ha\-e tlie extiiiel 
ueiiiis Pti ifiilit.i', I'oi'ins <losel\' allied to, or aetiialh’ ln‘- 
loiiuiiiy to, the yeiiiis l.ijHts ha\e also Ikm-u indicated iis 
oia.airriiiy in the .Miocene, Tlioeeiie, and I’ost -I’lioeem* deposits 
of Mui’ope. 

hnn. 2. ijilit . — In the ( 'a 1 1 i hy - liai'es or Oikiis 

L"<l"iii nsj, whi(h foiin this lamih', the leys do not ditfei' 
iiimdi in size, there is no \isilde tail, and tin* idaxieles mv 
imarly ('oniplete. They are found in Itussia, Silnaia, aii'l 
Noiih America. 

1 he cNistiny yeniis Laijininf^ is found as eaily as the 
Mioeeji(‘ in France, and occurs ahso in the Flioeeili* el 
I'aiiope, while th(^ t 'ave-pika is found in the I’ost-t ihu ial 
dopnsits ol llritain. The T'tlt( innii ii>i of the Frmieh Mio(rii(‘ 
dllfeis trom Zv/y/e/// //-V idiiellv in the possession of a, lowei 
molar tewer (liy. (182, !»). In the neiyhhourhood ol the 
llai'cs and ( alliny - hares we may provisionally place the 
leiiiarkahle and ahei’i'ant Tiijinf hrri n m for d/rse/Zm/v/'/a j el 
the Flioeeiii* of South America, which pivseiits aninilie"^ 
hoth to tla^ doxodoiits and the (diyulates, and which can 
not at present he delinit(dy referred to any family ol the 
llodeiits. This sinyuhir foiau was lar"(*r than the exist in, 
('apyl)aia, and the,refoj-(! j»ossesse(l dimensions yrcsiter than 
those of any liviny h’odent. It hail elaviehxs, and the hne- 
feet were j^mtadactylous, while the hind-feet hail only hau 
toes. The dental formula is 
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I'liiiL 2. (^uruht . — 111 tliis family arc ilic living; ( 'a])yl)aias 
{ Jlijtl ntchtrrHx), Aytmlis (/>c.s//yy/7>(7//), J*a,cas (Co:I(>ifni//s')^ Ac., 
(,liiii'aclci'is(‘(l by tluOr absence (tf clavicles, their rudimentarv 
tiiil, tlu'ii' niiyiiiculatt; toes, and their general possession of 
(‘iglit rooll(‘ss ni(»lars in (‘acli jaw (tig. (»82j. Almost all 
die existing niemb(*rs of (his tamily belong to South America, 
and this eoiitiiKmt has Ik'cii (teopled during I'ost-Tertiary 
dines willi numerous speides more or less nearly allied to 
living foiiiis, d'lius, the ihazilian bone-caves have yi(dded 
inlla* reseai'ch(‘s of Luml rmiiains of ( i uiiKxi-pigs ( 

Agoutis, I’aeas, and Capvbaras, all of which a]»pear to be- 
long (o extinct species. The ( 'ap\ haras ( If/ft/ nx'/td riis) seem 
to lia\'i‘ extended their range to North Anuudea during tin' 
I’ost-riiocmie period; while ('a\i(‘s occur in South America 
as eaily as lh»‘ lMio<'ene. b’emains from tin* Aliocmu' of 
Kiii(i|i(' have also becui discoxau'ed indicating the past c.xist- 
t‘iiei‘ of ('avies and Agoutis in this region. 

Fit/ji. 4. H list nridt!.- In this family are the well-known 
boirujiiiies, (list iiiguishe(l from the other Rodents by the fact 
that the body is covered with long sjdiu's or " ([uills,” niix(‘d 
with bi'i.-itlv hairs. They have lour molars on each sidt' of 
''iieli jaw, and they possess im|ierfecl cla\ieles. 

file genus Ihjsirlf a]>]H'ai’s lirst in the 1 pj>er Alioi ciu' ol 
f'lii'opc^ ill til,, person of a species nearly allital t<> tlK‘ living 
A n'lsfuftt, and other forms app(*ar in the l*boeciu‘ ol the 
saiiio region. Tin* //. r<inisf ii.'< of tlu* riiocein* ol North 
‘^"lerica i.s also related to tlu' II. rrishili of Soullnuii 
Idiiojic. 

I'd HI _ d. (di'r('(>liii)lilir. — 'I’his family is hardly se}iarable 
li'eiii (lie ]»rec(‘(ling, the chiel diller»‘uc(‘ ludiig that the 
'•’‘iiuals compo.sing it sjamd more or les.s ol their lives in 
and are therefore ada])tcd for climbing. The only 
form relerable to this family is a large (dcmi/ulns louiid 
tli(^ 1 ’ost- 1 d ioceiie cav(‘-deposits ol South Ann'i’ica, in ^^hi(^h 
^'‘‘.2>on the g(‘nus still survives. 

I'd Hi. t;. iklodimtiilir.- -This family includes a large iiundier 
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of living Ilodcnits which arc ])riiicipally Soiilli Anicricnii and 
African [(kfoihni, i nnf.'i, Cfriiow/f.'i, Ac.) 

The most iinj>ortant extinct type (»f tin's family is the 
7'Iirriih)iH)/x of tli(‘ J'loceiie ami Miocene of lMiro{)e, and of llir 
I'iocene of South ^Vinerica (tig. (38M, r.), which is allied to the 
li\ing Spiny Rats [Kchinnfs), and also has ))oints of ndatioii- 
sliip with the Txaavers. The JAv/ey////,s‘ of the South American 
I'hicem* and the J^thronii/s of the Mioeem* of Kuiojie aiv, fiii- 
ther, licli(‘ved to lu' rtdated to tin; living ('(ijiroinifs of the 
West Indies. I.astly, the genus ( 'hutnn ifs. occurs in tin* 
Pliocem! of South America; and the honc-ca\-es of l!i-a/il 
have* yielded remains of h'ch I m if.'i, together with a species uf 
( 'ey [111 ( Mifo/iofitiinis). 

F>nii. 7. ( 'll i Ill'll — This family includes some South 
Aim-rican Rodents, (»f which the true t.'himdiillas {( 'hl/irliilln) 
aiv the* Lest known. They are small nocturnal animals, 
strictly terrestrial in their hahits, and ha\ii)g (hi* hind-legs 
( oiisiderahly longer than the for<‘-legs. 

W’e may, jierhajis, place in this family the extinct genie 
A I'rlm iiiii //.>; flig. (tSIl, .\ i tl'oiii the Miocciie ol 1' ranee 



Species of \hscacha { Ijiiifosfiiiii if-<) hav<‘ also hceii loimd 
the I’liocene and Rost-RIioceiie deposits of South America , 
and the cave-deposits of Anguilla in the West Indies ll:l^'' 
\ieldcd the icmains of the extinct genera A iuhli/i'fi >'•" 

Lot 11)11 yt ns. 
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Finn. <S. (Finti)ri(J<v. — T\\i}, l){‘st-kno\vn cxjmi])le of tliis 
i'liiiiilv Mio Ik'aver {(Uisfor Jihrr). Tlie distinctive pecii- 
liiiritics of the fuiiiily ure the presence <»f distinct clavicle's, 
tin* ])()ss(*ssion (*1‘ li\(! toes to each foot, and the; fact that 
IIk' hind-fe(*t ai'e wel>h(‘d, adaptin;^; the animal to a seini- 


;ii^ii:iti(‘ lii'e. 

A considerahh' nnmhor of fossil (^(ts/tirii/tr are known, 
(omiiienciny^ with tin' Shtirnjihir <»f tlie Miocenie of Erance, 
ami iho Fti/rntnfsfor of the Miocene of North America. The 
mains Fii^fur itself is said to occur in the Erencli IMiocene, 
ami is cerlainlv ])n'S(*nt in (In* lOiocein' ol Kiii'opi'. 9 In* 
f'lislor sy>r/o e.s- of tin' lMiropi*an cav('-dej)osits <loe.s intt ajipe'ar 



to Ik* sp(‘cifi(‘ally se'jiarahh' IVnin the existing Tx'aver {('nshn- 
lihn'). Tin* yo'eat Trini(iiifli< rin nt (liy. 084) ol (he iNtsl- 
Tcrliarv de])osits of fan’ope, 
also appi'ars ((» he hardly yvn- 
(‘I'iciilly sepai'ahle IVom Cnsfur. 
lilt' ( (j/l liii'llSI'i ol 
the I'dsl - Tertiary ])eriod of 
X'li'tli America seems ((» he 
I'ialilly refei'i’ed to a sepai'ate 
■rn'iiiis. The (»nly known 
ya-ciim attained a, compara- 
liwly yiynintie size*, ri'achiny a h'liyth 
histl\', the ( '/titl irniii i/n of tin* faii'opean 
(I'lir deposits a]i]>«‘ars (o lx* neai’ly related to tin* Ix'axi'is, 
9 it 1 ) 1 ' ivally ^-enerii'aHy distinct. 

Fain. 1). Muridit. d’ln' in'xt I’amily <>1 h’odeiits is that ol 
dll' Miiriil(>\ eomprisiiiLf tin* Eats, Mice, and hemminys. In 
diis I'aniily the tail is lony, always thinlv haired, sometimes 
’''do'il and scaly. The lower incisors are narrow and pointed. 
'""I tln'i’e are eomj>h'(e elaviides. d he hind li't't ari' tin 
"idled witli livi' toes, tin' fon'-feet with four, toyetlier with 


of ahold 
i\I ioceiie 


li\-e feet, 
ind Tlio 


" I ndinientai'V jiollex. 

'Hie iviiiiiiiis dl' .!/», •»/,-■ me iiliiniilmit in llif T(‘rtian 
llii' (ililcst licin.^ Ilir cNtiiic-l aii.l 

''Oil" K, „f Noril, .\iiicru-M, In (1 h‘ Minim" nf iTinnr 

VMiiniis s|ii.rii's ul' tlin nxliin't ni'nii.i iillii'il 

III" liviiin llainslni's {Crhlos). lonnHini- with a"''"''' 
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Mjiarion, su])|)()sed to l»o lu'iirly aliiud to the existing- 7/,.^- 
jK'ro/iii/s of North America. 

Tile gcoius (/riirfiis, comjaisiiii!: the existiiio Tlaiuster, is 
known to occur in tlie Pliocene ile])osits of PnrojK^, and is 
re|'rcs(.‘nte(l in Post-Tertiary (lej)osits hy a lorni jiiohablv 
identical with tin* liviiii.^ ('. nihfaris. Tin* Lennniir's 
(.l///o7c.s) are represented hy at haist one species in Post- 
Tertiaiy deposits in Pritain, occnri’ini^' aftei’ the (llacial 
period, and lieiiiLt contemporary with “ paheolitliic ” mail. 
The Voles or Campattnols {Arrhuld) commence in die 
Pliocene, and are uhuiidantly represented in Po,>t-Tcrliar\ 
<l(‘posits. TIu' I*ost-( daeial deposits of Pritain have yielded 
I'eniains ol the Arruiilti firoft/isis, ^/. ((i/rrs/ls^ and ^1. ani- 
the last of wlnddi (the wadl-known “ W'ater-iat ; 
occui's also in Piae-l Ihn ial accumnlat ions. 

Fiiiii. I (t. J h jKiiliihr . — The next faniilv of the Pedents, 
whi<di is ,snni(dently imjiortaiit to need notice, is that of tlie 
hijnHliilir or derh(»as, mainly idiaracterised hy (he dispropor- 
tionate leiiyth of the hind-liiiihs as compared witli the I'oiv- 
linihs. The tail also is hniLf and hairy, and there are coin- 
[dete (daviides. 

d'lie netilis nifnis i(s(dl“ is staled to ocelli' ill the i\Iioci‘llc 
T(‘rtiarv of Piiiope ; and (he l-'i’ench Pliocene has vitTlcd 
leiiiain.'. of the extinct Lt<‘nits J.ssuxl rnni siipposicd to he ailiid 
to the existing diimpiipLt Hares (lnhf>s) of Southern Africa. 

hnn. 11. M i/ii.iKhi, The liiemhers of this laliiily im' 
eonimon]\‘ known as Itormice, ami (hev are (d'tmi iiichnlcd 
in the tollowiny family of the S(piirre]s and Marmots. 

d'hey resemhle the Sipiirnds in most I'espects, l>iit they 
have only tour molars on ea( h sah* (d tlu* npjx'r jaw, whereas 
the latt<‘r possess live. Two species of J/z/o./ves hav(‘ hccii 
detected in the (’ppm* Pocelie ('( i vpse((iis series of Mnld- 
martrey and a third species has heeri determined jroiii heds 
ot Miocenc' aya-. Sev<*ral sjtecies have been detected n> 
i’osL- 1 ertiarv deposits, of whi(di tin* most, remarkahle is the 
eoniparatividy ydymntic J/z/n/v/.s- MAifnisis ol‘ the Maltese Post- 
Pliocene. This form is described )»y Inih-oiier as bi'ind 
biyf in eomj>arison to tin*, living hormoiise as tin* Piuidico'd- 
rat to a Monse,'’ 
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F((m. 1 Sriitridtr . — Tliis is tlic last I'ainily of IJodcails 
wliich calls Inr any s|HH*ia] ineiitioii, and it coniyaiscs the 
tiu(‘ S({uiir(ds, (he. Flying- S(jniiTeIs, and (lie, Mannets. 

The ineinhers of this lainily ai’e dislineuished hy tlu-ii' 
|)()int('d oi’ coniiiressiMl incisoi-s and their tnheivnlar molars, 
die n])])(‘r jaw having live o! (he latter on each side, wliilst 
di(! loW(‘r jaw lias only tour. Tlie ^eiins Sritn-t/s, eonijaisiiig 
till' true Sijuinels, is i'ei»ii‘sented tVoiii the Idtceiie Tmtiaiy 
iijiwai'ds, lait none of the lossil forms are of speiaal interest. 
Si inr/irif.'i and Pf(nnit//s a|)|i(‘ar to represent the tine Sipnri'els 
111 the Fo(‘ene of North ..Vimaaea, as does IsrJi ifroui ijs in tin; 
llioeeiH' d\‘rtiary of the same I'ei^ion ; whih‘ the Alloniijs of 
th(‘ American Miocem' may peihajis he related to the Flying 
S(|uirivls. The earliest form reprissciitative of tin' existing 
Mariiiots ( A /'I'/itni !/.'<) seems to h(* lh(‘ J *!( st(t t'i'l dut ot tin* 
hi)('(‘iie of France, which has relations to the S(|uirr(‘ls. 
AntDiiijix itsidf does not ap|'ear till tin* Miocem* is reaclu'd ; 
and (here are st'xa'ral Fost - 'I’ert iary foims. Lastly, the 
I’lnirlied Marmots [ Si>( riiididnl us] appear lor the lirst time 
in the Miocene; and Frilain possessed two sjH'cies in times 
I'ostel'iol' to I lie ( 1 lacial ]>eriod, 

()i;iiK!; Xl\'. ( 'ifKlltoi’liatA.^ 'fhis order is. from one jioint 
• if view, ‘‘the most distinctly circiimserihed and natural 
nidiip” in the wlnd(* idass of the Mii nitii'il m . In many 
'''^'peets, howe\'er, it would he advantaeeeiis to regard the 
did ! I'd jit f I'll as a suh-oi’der ol the ne\t erder (naiiiel\, the 
^ iisi rf I rd/'ii) specially moilili('d to lead an ai'iial lit'' ; just 
the Ai II II hj rifilii are regarded as a mere ■^ettion ol the 
dn rn t runi specialh’ modilied (o suit an aiiuatie lile. 

Th(' dlii'i I'd jit (I'll ar(' essentially characterised hy the tact 
that till' iiiiti I'ldi' liiiihs lire IdiKff I' tliidi III' jiiisfi i'Kii , flu r/zyi/s 
fill' Jdi'i -I i mil, irif/i fill' (j'l'i'ii/ idii of flic /><>lli.<\ In iiuf (iioi- 
iiiimslii i ldiKiitfril (lig. dSo). T/n sr (ldiiifii/> d jl iiffi iS mr uiidnl 

^'11 Ull l.ijKI Iidf'd IlK'lllhl’llIK' (O' " j)(llilt/l II III , K'hu'h IK (iIkU t'l 

fo ndl'd he/ in ('/I (he fore iind Iniid limhs and (hi' kiiIi'k (>/ Ih' 
and in man if rases jiasses also helnren (hr hind-liinhs and 
In If. The jialai/lain thus formrd Is naked or nrarlff so, on 

('hrirupti ni ^v(•n• phuv.l l.y l.inim-u.s in liis or.lcr rrlinnhs, whu'!) n"i- 
'■'aicd iilso the Lemurs, tin* A|m‘s, ami Man. 
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l>oth and if scnrn for tJu/hf. Of thr fingers of the hoti,/. 

fhr poIIr:i\ and sonidimrs (hr nr,rf finger as irell, is viignirvlnh:^ 
or fnrn ished irith a elan' ; hnt the other digits are desfifnfr of 
nads. in the h ind-Jind>s all the toes are nngnienlate^ and tfr 
ladJn.r is not in ang resgeet different from the other ditiifs. 
Jl ell-dereloped elarieles are at irags present, and the radius has 
no pon'er of rotatam upon the nlna. The niammari/ fflandsari 
t mo in ntunher, amt are plaeed upon the ehest. There are hrlh 
of three hinds, and the eanines areahrags mil derelopnl. 'jin 
aiolars are tnherenfate or groored in the frngirorons forms, ami 
rnsjndafe in the insert irorons sp<ries. Thr nlna is sonoiiims 
'p'lte end I menta eg. The hones are not pnen mat ir. 



1]h' living' |{;i(s (Ii\i(|(‘(l into IIk' two m'oiijis ol tin' 

rii^^ivorons lints, coniprisint* llu* single fninilv of t in* Tteropidn 
(I'ox-hnts or lloiiss(‘l tes), juid tin* I iisoci ivojoiis lints, com 
the tlircc |ii'iiicipn] Intnilic.s of t.iii* I'espert il am tihe,i\n 
J!hin<i<ephida’ (\\inm'M\i)o lints), mid the Vh gllostoinida' (\'nni- 
pirc lints). 1 he r7/r//VY,)/r/7/ nrc rcprcsc'iitcti in l*]iii(i|ic lor t lie 
first time in the Kiunnn? d'citinrv, nnd I hnt hy :i Idim 
siniilni' to tlic «3.\istin^^ KiirojxNin lints. Tlu' fossil in (inostion 
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is the Vesper/ 1/ to J*<(ristensts (fig. 08G) of tlie Gypseous series 
of Moiituuirtre (Upper P'oeene). A species of Horse-shoe Jhif 
{Iihiiio/opIrKs) is found at a lower horizon, Otlier species of 
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Insectivorous Ihits, referahle to tlie extinct genera Xi/e/ilesfes 
iiul Xt/ii i//iertti lit , are lound in the Aliddle Kocein' of ^Soilh 
Ainericii. In the' Tost-Tertiary of Kur()i)e and Xorth Anierica, 
me found N'arioiis remains ot Itats, hut all of existing tx])(?s. 

Lastly, tlu‘. Vampire Hats are repn^simlisl hy m* less than 
live species in tlu‘ Post-Pliocene eave-deposits of Pra/d, m 
which country is fouml the living /V/////e.s/oyao si.r/nmi. 

Oi;i)i-:i! .\V. InsK(TIV()|;a. — T helifteenth order of Mammals 
IS that of tlu' Jnsee/irora, <M)niprising a numlu'rof small Alam- 
liials which are very similar to the llodeius in many respects, 
i'lit want the, peculiar incisors ol that order, and aie ]ike^^ise 
•hwavs furnished with clavicles. 

hi the Jitsrelltviv a/I the (/tree Via/s of leefli are ttsiia/li/ pres- 
• a/, lai/ thr reaef iia/ttre of (he i/eit( i/ ion. rar/es roitsa/nv/fif ut 
'lijInriU rn.sv.s-. 7%' iitelsors aitd ea nines presen( (id/e speria/, 
>'"/ (he ino/ars (tig. GST) o/v a/iraf/s serra/ed n'dh nnnorons 
■^>'>o/( poiii/nl ein ineners or ensps, adap(ed for ernshiiaj tnsn ts. 
^I'i/h one ,.m’p/lon, e/arie/es are a/ira/fs jiresen/ in a eomp/e/e 
V'-nt. Ad (he feet are nsna/hj fm'nished iri(h fee (aes ; ad (he 
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/(((’.s' arc furnished irith elair.s ; anil the anunal 'walks on fhf 
soles of the feet, or is jdantiifrnde. They are iR'islly iioctunuil 
and subterranean, and jjjenerally hibernatie They are all ol' 
small size, and are found everywhere, ex('('|ii in ecmtiiients 
of South America and Australia, when' their place is tilled liy 
Marsn})ials. 



I’i;.'. *>7. Si'lf vii w uf tlir »kull "1 tin- 1 

< If the nnuK'rous existing: families of tlu' Jiisie/iroea, {]n 
oidv olios which can he said with any emtainty to Ih' icpiv- 
smiled in the fossil state an* tlii' Moles ( 7h/yihAr), the lledcv- 
hoLt's { hlrnoii’t ala), and the Shrew-mi<'e {Soro-ida)-, mid these 
are al the saiiu* tiiiK' (lie leailiiiy families of the oriler. The 
two fiist of these appeal' to he rejireseiited as early as llr^ 
Ihiceiie Tcatiarv, and the third ajipears in the Mioceii(‘; Imt 
none of the I'ossil foi'iiis ai'e of special importance, imi' do 
llie\' diffei' conspi(aiously fimm exist iny I'orms. 

I'd/n. 1, Tidjiida. 'I'he hudv in this i'amily is covmci] 
with hair; the feel are foiaiied lor diy^init' and hiirrowiiiy, 
and the toes are furnished with stroiiLf cur\(Ml (daws, 

'rii(‘ earliest remains of Moles ap]»(‘ar in tie' Idiceiic "I 
Xoith America, where W(* have the extinct oeiiiis Taljwnis. 
d'lie III I’pilnlln ei II III ol’ the Miocene of the same reyioii si'cliis 
to he likewise ndateil to the Moles. In the IMiocelie "1 
l‘ lance and (leiinaiiy occur various mole-like animals, which 
ha\'e heen ndericd to exlinet muKUa ( Ihin iflns, (lent ri/joiKn^''- 
d lie e.Ntilicl rjeiiiis PalaiiSjiiila.i ociail'S in the I’lioc(‘lie "I 
ilidyiiim ; and tlu^ common Moh* (Tafiia hJii rojioa) ociaii-' 
in the host- I'lioceiie deposits ol’ I’uitaiii and the ( 'oiitiiieiit. 
Indeed, tin* j^eiiiis Tat pa is said to occur in I'raiice in sedi- 
ments as old as the Miocene. 

Fam. ‘J. Soriridir,^ 'I’he Suririda or Shrew-mice arc dis- 
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tiiiouislied l)y luivin^r tlic Ixuly covorod witli luiir, and tlu' 
IVm^I not adapted for di.^.Lj;in!A' ; whilst there are exteriad (siirs, 
and tlie eyes ar(i well (hneloped. ()l all the Ttiscrf irorft , ne 
division is more ahiindant or more Avid(dy distril)nted than 
tliiit of the Shrew-miee. In ,<roneval form and appearanee the 
Sinews vm’v (dosely resemhh^ the time Miec^ (^Muruld) and 
till' ])ormie(! hut tlu*v are in reality widely dil- 

li'ivnt, and must not he eonfonnde»l with them. 

Idnnains of Shri'ws (i)elon.oin,i^v to the genera df//.s 

and Ph'shsnrr.,\ ii-. liB.S) have lu‘en diseoveird in the 
lliocene d(.‘posits ol Ivu- 
lope. In th(‘ Mioeinie 
(if Xorth Ameriea, the 
^('11 us Knihifsis ap])(‘ars to 
lir ivlah'd to th(‘ Shrews. 

Si'Vcral ('xisliitu’ speeies 
(^iieli as Sere./' a rn in i's Fi- f,ss. i,, -it ^illuu.^ ..i r j.iw «>r 

twice the h.ilur:il ^i/.c. Minccnc, 

:illd X foi/iciis) oeenr 111 Fr.nicc. (.M’Icr I’ldiicl ) 

dost - Ttuliarv eaw* - dt‘- 

l.nsitrt lllO ossilcnuis liivcciMs. I,lisllv. tllC Dcsillims (.Vf/n- 
f'li] arc n'i>r<'sculcil IVoiii Ihc Miocene Iciliarv onwards. 

/■'»„/. A'/o'/oorn/o. ■■ Tin' last, family of the //oW Awe 
islhal ol'llic |[c(lyclio:j:s, cliaia(‘lcris.'d l>v tlic fact that tlic 
ii|,l.cr i.art ot llic I'odv is covered with I'ricklv spines, the 

reel are not adapl.'.l tor di'-iny, and (In has nmstly 

Ihe p„w,'r ot r.dlinu itself into a hall at the approach ol 



The 'Jienus ot (he K.a'cne of North .tnieriea ap- 

pears to he a nieinher ot this tainily. and d' so (s its oldesl 
kimwn representative ; while the A'sMeny.e of the same lornnc 
lien mav iiossihlv hehmy here. True lledeehoys appear loi 

(he li,. St lime in Knrope in Ihe Miocene Terliary. some o the 

species helonpin'.t to AVemeens ilselt, while others liaAc heel, 
lefeiredio neiiilv allied hnl exiinet oenera (. I »i/./n e/i occ. A. .) 
1,1 Ihe later Terliarv and rosl-Tertiary ol Knrope, remains o 
lledeelncs are not iiin ominon, and the /A',.nntns./,Wes ol 
the I'ostriioeene, does no, appear to he separahle from the 
'■uiiuiion llcd-v'ho-' (A' h'tnvi>n'iis). 



no 


('HAPTER XIAMII. 

onnEHS OF MAMMALIA {(^nx-ludrd). 

<,U .M>UI MANA AMI l)IMANA. 

OhiiKi: X\'I. (^)i:aI)1M’Mana.- Tlu* sixicciitli order ol' Mam 
iiials is tlmt of (Jiun/r)/iiif>iifr, coinprisiiiij; the Mnii- 

keys, Pahooiis, I.eniurs, Xe., eluiraeterised hy llie lollowiiiu 
jioiiits ; — 

77/'' linllii.r i' I II for dJ the lu iii/ -I i iiih) is scjui I'lfhil 

Ji'niii flu:, iifju r fill's., uiul is ojijiosuhli' tn flwui, su fliiif f/w liiiid- 
Jnf hirijiiir lu't'lu'iisi/r lunids. Tlir im/li'j' ( nuin'iiiiisf for oj llo' 
fdi'i -liiiibsj ‘iiKifi hr ii'uiifnifi, huf o’lu n ju'rsrnf , if u/so is iisiodiij 
(ilijiosdhl r fii flw Ilf hr r if of if s, sn fliiif flir inntiuif hrroiiirs f rid if 
ijiiiiil rii Hill iiiiifs^ nr JiiH r-liioii/i'il. 

A 

Till innsnr fn fh ifi iirriiU If iirr , umf flu uudar^ 

2 2 n 

H'lfli hroiiil II ml fiifirrnilufr rriui'iis. |‘l |•f|l•lr^uru‘lrsllrrjlrrslnL 
Till fi iifs II I'l f ini III II II iiifiri\ II ml (i .irijif hi f dud nnii if>i) 'H'l' 
fiii'iil III finsifuiii, Hiiil flw jiliirriilit IS if isrniif/if u ml i/ri'iil I'lifr. 

The fjmul ni Hill mi an; divided Ity ( )\v(;n into three veiv 
natural ;_m'ou|»s, s(;j»ajaled IVoiii one anothei’ hy their ana- 
loiideal eharaeters and hy I heir '2(!o^i’a|'hieal ilisl rdiiitinii as 
In] lows ; - 

Sti;ki-sii;iiin’a. 

Ihis section ol the ff'*<*^^i'>omimi is eharaeleiiseil hy lla‘ 
j)()>session ol twisteal or enrve(l nostrils, ]»lae(al at tlu' mid "I 
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snout. The incisor teeth are generally inn(‘h modified, 

•) g 

;iiul aie in innid)er ' - as ;i ruh* ; the hnver incisors are 


|,vo(luced and slanting ; 


the })ra‘inolars are 



or 


;ai(l llie molars an* tuh(‘rculate (lig. 089). The second digit 
of tlie hind-limh has a claw, and l)oth fori‘ and hind feet liave 
live t()('S each, all tlie 
lliuiahs lieing gmu*- 
nilly ()]t])()sahle. In 
tlu‘ tnu' Lcminrs, all 
tlu- digits, <>xce]»t the 
si'cniid toe ol the hind- 
[evt.aiv I'nniishetl with 
nails. 

Tliis section is often 

i;sit —Siilf vifw ul tlw skull ->r;i C'-'iiiiinii.L 

ralh'd that ol tilt' / /‘o- " (m. (A n.T(art.O). 

>'1111 III', and it includes 

Several families, of which the Aye-ayes, I.oris, and true 
Leiiiurs are the most important. 

Milne-lvdwanls and (dervais, from an examination of the 
I'lnei'iitation ol the Lemni’oids and ol their c(‘rehial (hai- 
iieters, (•,.n<du(h‘ that th(‘ gmnp should he raised to the rank 
nl'a distinct order intermediate hctween the Curnirora and 
till' rti III II /III . 

rmil ivirnllv little or iiotliiii.o <'<"il'l Ih> Siiid to be 

known as to the oNisUaioo in past time of Leinuroid 
i'' iiuuiff . XifW, (111 till' oilier liaiiil, a larire iiuiiibi'i **1 lo^^il 
l■|■mllr(lills are known, eoiiiiiieneiiii; in tin' iMii-ene TeiUaiy ; 
I'li'uoli as reoanls most of tliese tlie available inforniatioli 
still iniperi'eet. In tlie I'airopean area the earliest 
luiiains of Strepsirliine Monkeys liave been ileteeleil in the 
loi'i'iie, Uie, Co /mpiV/oc/is Inn in'itldi-f of lliitinieyer seeniinii 
I" be a true Leiiiiiroia. Tlie oenera nanie.l .hh/nn ami 
M'l‘’ll,n-hn„,o( the I'reiieli Koeeiie— the former originally 
''‘liareil l,y Cuvier to the finoillales^-wouhl also aiiliear to 
lomnroids. The I'nMnnnr and A'lrrolannr ol the 
^lioeeiie deposits id' France are likewise considered to tie 

V,., 'd " 
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rer(‘ml>le to tlie Iniutridir, tho luniior pri'scnliiin- riisoiiihlan, 
to tlu' 

Ill the TiM’tiary rocks ot‘ Nortli America the researclu's ot 
Professor ^larsli have hroie^ht to lii^ht a most iiilcivslinn 
stales of htamiroitl remains of llocem^ aj^e, indicat in;'- tlu- 
existeiict' thirina- llie early Tmliary ])erio(l of a .^loii]! (,| 
forms a|)])art'nlly liiylier than the existin;^ Ijuni ruh(\ Imt 
ctaiainly interior to tlu* Catarhini' Monkeys, and exhilliinn 
many e:eneralis(Ml cliaincters in their dentition :ind osteold^A- 
d'lie forms in tpu'stion are divided Iiy Marsh into tlu' l\\i» 
families oi' the L* imi nt ciihr and Lmi luiflii ruhf\ rt'pri'sciiltd 
in tilt! It.twest Kociaie tleposits of Xew Afexico hy tin* iv]H'- 
ynmera Li utiirttrus anti Iji nuuil ln rnnn. ria* ftn iucr ttf tlifst*, 

aeciiitliicj; to its tliscitvert!r, “ ap[)ears to ha\ t! liceii must 
nearly allied to tlu! Lemurs, aiul is the mttst yeiieralisi.'il 
form ttf the Primates yet tliscoverctl,” 'ria* hrain is nearly 
smooth anti ttf mtMlerate si/.c, and the i‘t»iiformation of the 
sktdeton is Lemurttitl. 4'he nittsl rtiinarkahle ])t)int^ alioiit 
Lr/ii 11 howt'vei', is tht‘ dentition, there heiiiLt' 

plete series of lorty-four teeth jirest-nt, anil the ileiilal 
formula heiic^ — ■ 


3_ . :> I 1 4__4 3_ ;; 

/ : f ; PHI ; hi 4 L 

:;- 3 ’ 1 4-- 1 ;; 

d'ht! ^'enus J/i/iijis(iiliis appears to he nearly relateil t" 
Li III H rnni-'i. 

4he ot-mis Lp iii/pif Inn II III --[\u' type t»l tin' Lmi ii(i/li''i'i'^" 
- is also m.'arly l•elattMl to the Lemurs, hut shows soiin' 
allinilit'S to tht! South American Marniost'ts.” 'rhen* were 
oidy forty tet;th, tlu* dental formula heiiiy- - 



“The Itniin was nearly smooth, and the 


cdi-el Milium l:w;A- 


and ])lacetl mainly hehinil tlu' cerehrum. Tlit! orhits ao 
open hehiiitl, anti the lachrymal loranieii is oiitsiile tie 
orhit” (Marsh). Various other oeiiera from the IvM’em 
rocks ( /rii riiolcslrs, TilHioliifi'.sfrs, M irrii.si/iiiis, Ac.) are pka etlh) 
Marsh in the family of Iht; /Am nof/iirulif'. lo the Mice'"* 
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ile|)(tsit>^ oT Xorlli AiiKAica is round tlio goiius Laoplllicctis^ 
whii li is stated to have; rtdatioiisliips iiotli with tlie Linnio- 
lluridff' and with some ol the IMatyiliine Monkeys ot“ South 
Auitiriea. 

PLATYRIIINA. 

'rii(‘ s('etion of tlie PlatyrhiiKi ^ronkoys is exfdiisively eon- 
liiird to South Ani(‘riea, and one of its leading eharaeters is 
In lie t'ouiid in tlie almost universal possession of a picdaui- 
>il(‘ lad; this lieing an adaptive eharaeter hy whieh tlu; 
animal is suited to the. arboreal lile which so many of the 
Siiiilli American Mammals are. forced to lead. There are 
iicillier chei'k-pouches nor natal callosities, and there is an 
iilditioiial praaiiolar, and sometimes a, molar less than in 
Mail and the Old World AFonkeys. d'he nostrils are simple, 
will' apart, and [darn'd m'arly at the. extremity ot the snout. 

Till' [ira'iiiolars are , in numln'r, and have Idunt tuheia h'S. 

Tlic Ihumlis of the fnrediands are either wainting altogether, 
"1', if present, aia* not opposalah', though versatih*. 

The tossil remains ot I'latyrhine Monkeys are only known 
tiiKcur in Smith America, to which country all tin' existing 
i'lrias are confiiu'd. Here, in (h'jtosits ot late lertiaiy oi 
lT>t-Tei'l iary aga', ha\'e. het'ii tound n'liiains ot Monk('\s le- 
l''ralile to the existing gi'iiera 

'diiig with a large form which constitutes tlu' c'Xtinct genus 
and which is alliial to the recent No 

I'-iiiaiiis of riatyrhim'S have hitherto heen found in South 
•daeiiea in (h'jiosits older than the Tost-riiocene, m*r in any 
"tlaa' country in dep(»sits of Tertiary age. It is possible, 
l‘"\vev<'i, that the of tlie North American Mm- 

above relern'd to, may he reterahle to the I lut iji n tini 
'‘•flier than to the Sf r/i inf. 


Caiakuina. 

'I’lii' lliinl iiiiil liiulicst .-iirlioii .il' (fiiiiilriiiiuiiKi is tlinl 
”1' tli.i r„/„rhi„a or on Wdi-n Monk.', VS. In Hiis svctMiii 
''‘i: iiDstrie iiru oliliiinv, iinil arc I'laccil close togctlicr. aiul 
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the s(‘))tum nariuni is narrow. TIk' l]iuiiil)S of all llin feet 
aro ()j)]K)sal)le, so lliaL the animal is slrietly <iua(li‘uiaarii)iis, 
In Cdlohii^ alone tlu' anterior tliunilts (|)(illex) are wanting 
'L’he dental formula is tlu‘ same as in man, viz.— 

2 2 u 1 2—2 2 


The incisors, however, are projecling and prominent, and 
the canines — (‘s[)eeially in th<! males — are larye iind pointed 
Moreover, tin' teeth loian an uneven series, inteiaiiptcd hy ;i 
diastema oi’ inti'rval. The tail is never ])r(‘hensil(', and i> 
sometiiiK's ahseiit. ( 'h(‘(‘k-|>oiiches aiv often prt'seni, and 
the skin eoverimj,' tin* inlurn isrl/il is almost always call()ii> 
and <lestitute of hair, const itiitiny the so-called “natal 
callosities." With tin' sinyh' e.\c(‘ption of a monkey wliirli 
inhahits the Itock of ( lila'altar, all the ( /'Ii i ii</ ai’c nativn.s 
of Africa and Asia. 

The earliest traces of tin; Catarhine Monkeys a]'pt'nr in 
the Miocene Tertiary; and they ociair oid\' in the tHd 

M'oi'ld, so far as i,^ 
vet known. In the 
Miocene dt'posits ot 
f'ran(‘(‘. and Italy nr- 
cur tin' renniins ol 
various yeiicra wliiali 
art' ri'ferahle to th'' 
( ’atarhines. Of these, 
the. yenus /V/c/n/Zc- 
en.s (tio-. (il)d) apdH'ais 
to havt'. ndatiiaiships 
both with the livin.e 

Anthroi)oid 'Mm'S, 

its ])recis(! position a,nionL:; the Oata,rhines is uncertain. 

I h'ljoinlln'i'iis, of tin* Miocenn; ol I'lanct*, was :iii 
Ape <jf larp;(! size, ])ossessinL|; lar^c and ]h tinted canine, 
and a))))a,rt!ntly closely relati'd to the e.\istin;4 Oihhon 
( /[ i/lohaf.cs). It must tlnu'tdVtre have, heen destitnh 
(•In'ck-ttouches, ainl its tail must have heen riidinient'ii} 



Anthr(tp"ih 
I teeth- 



BTMANA. 


4L>1 

I'la' of tlio, Italian ^liurcne is aiiotlicv anciaiit 

(atiuliii^o, willi soiiiL* ])<)ints of allinity to soiii(>, of llu' 
,,v]u-i'alis(Hl typos of the ])riiiiitive, I’ngiilatc'S in tlie stniotiiro 
„t its tootli. Tlio r]»]»or IMiocono of (irocoe, again, has 
viddod the; roiiiains of an intorosting ^fonkoy, to whicdi 
(iaiidiv has given the name; of Jfrsojtifinrtfs J'nifcliri. In 
Its (‘miiial olianiotors tliis genus reseinhles tlie living Sntino- 
liillnrifs of Asia, hut I he structure of the limbs is similar to 
that of the. Maea(pu‘s (Manints). The; remaining inemheus 
Ilf tin; fossil ( /‘Ii i litf belong to gi'iiiUM which still survive. 
Tims till' Asiatic genus S>'itni<>j>ifh>riis is found in the I pper 
hmceiie. de])osils of the SiwAlik Hills in India, and in the 
I'lidceiK' of trancf* and Italy. dh(‘ Asiatic and African 
•jvniis Mitn/n/s occurs in the rjiper Miocene of the SiwiTbk 
Hills, and in the riiocene of Il;dy and of the South of 
KiiAaiid. Lastly, the African gxmus Cnriqnlhccifs is found 
111 the Pliocene. de])osits ol trance. 

OKDKi: XVII. PiMANA. — This, the last reuuaiiiing order of 
die MfiiiiiiHflix, ccmpris(‘s Vlan {ihnno) alone, and it will 
diiiHore iv(iuire but little notice here, the jieculiarities of 
mental and physimd structure properly belonging to 
"dici' liramdies ol’ sidemav 



ZiiMln.^i,.i,llv, INlaii is (listiii;.iiiisli'''> C'lin nil otlu-r ^[aimu.iS 

Ills haliil iiallv ri'ci t |HislMri' aiiil l'il'*‘>lal i’’ " 1 

lin,l« arc .■xrli.sivcly aevotocl to l.nigirssu.n a.ul . 
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su|)povtinij: tlio of tlio Ixxly. I'lio aniorior liinl)s niv 

shurter Ilian llu* ]H»slA'ri()r, mid have iiotliiiiL;' ^vllatL^vtn■ to dn 
with ])rooressi()n. Tlu‘ tliniiih is ojijiosahU-, and the hands 
are invlioiisilin llie finorrs heine; jirovideil witli nails. Tlir 
toes of th(' liinddiinh are also furnished with nails, hut tlir 
/tdlhrr is not o|>})(»sahle to tlu‘ otlu'r (hunts, and the f(‘('t aiv 
tlu'relore ustdess as orLtans of |»rt‘hension. Tlu* loot is broatl 
and ])lantiorad(', mid the whole sole is a|)[)lied to the oi'uiiiul 
in walking. 

Tilt* (lontition consists of thirty-two teeth, and thesi! foria 
a luairly even and nninterrupted serii's, without any interval 
or diastema. Tht^ dental formula is — 

. 2 2 I 
^ ) > ' ' ] 

Th(‘ hrain is inoi‘e laruely developed and more ahuudaiillv 
furnished with larye and dei'p convolutions than is the eiisr 
with any otlier Mammal. 

l*ala‘()nt(douieally, there is little to he said ahoiit ]\hui- 
or rather, so miieh miyht he said on this suhj'eel that its dis- 
cussion can only he pro]»erly taken n]i in a s]K‘eial trealisiv 
Man a|ip(!are(l upon tin* earth, so fai’ as we know for ('(‘ilaiii. 
only in the last or rost-Tertiary periftd of ( o'ldoyV- 
remains, in the form of hones or implements of various kiiah 
lia\e been detected in variiuis I’ost-Teitiary accumulatieii> 
such as vallev-ttra\ (‘Is and cave-deposits. Tlu; chiet hu't> 
as tu the ])ast existence of man which concern the iiakreii- 
tolo^ical student may he hrielly slated as hdlows: — 

1. Man nmpiestionahly (existed dnrim.t the later jiortieJ' 
what Sir ('hai'h!S hy(*ll has termed tin* “ I'ost-riiocene’ l>erie4 
In othei’ words, Man’s existence dates hack to a tinu* ^rhr^ 
se\(‘ial remarkahli! iMammals, to he iifterwai’ds numtioiivl- 
had not yet hecoiin.^ extinct; hut he, does not, dat(‘ hack t" 
time anterior to IIk; present MoH nxtan fauna. Jt should lx 
adde(l, howe\'er, that there is some eviihmce — the value el 
which cannot he at |)resent accni’alely ap])J'aisi!(l -- "dii> 1' 
would to show that man existiMl in tin' latm’ ])orti(Ui el 
the Tertiary jx-riod, in the. rii(xM;n(‘, or ]x)ssihly (‘V(‘n I'l 
the Miocem*, ar;(*. If this were eslahlished, then iMan, 
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a /()(il(),n’ical species, would ])ossess an anti({iiity consideralily 
oivaUn' tliiin that of many of the hie;lier MollusciL 

2. Tlu! anli([iutv of tlu*, so-eallcd I’ost-l’Iiocene period is 
a iiiatter which must he. mainly sc'ltled l)y the. evideiiee ol' 
(h'ohM^y ])ro])er, and necal not he discusscMl here. 

3. 'i'lic' extinct i\Ia,mmals with which man coexisted in 
Wc.steni Kurope !U'(‘ mostly of lar^e size, tlie most important 
l)i'iny the Mammoth {EIrphns pruit iffriuns), the. Woolly Idiino- 
(■('los {lUiuioci'i'ioi tlrhoriiiiii^), tlie Cave- lion (AV/vs spcitni), 
llic (siv(‘-liy;ena (Ifi/ftiui sjir/itrt), and tlie Cave-hear {J'/shs 
siii'linis). W(' do not know the. canses which led to the. ex- 
tinction of tli(‘se l‘ost-ldiocen(‘ Mammals; hut we know that 
111 ) Mammalian s]H'cies has hecomc extinct duriny the his- 
tmical period. 

4. 4’h(‘ extinct Mammals with which man coexisted ari' 
ivierahh' in many cases to s])ecies which ])resumahly reipiired 
II very ditfeiamt climati' to that now ■jirevailiiyj; in AVi'stern 
Kin'o])('. How lone; a yieviod, however, has heen consumed 
ill the lirinyiiej; ahont of the climatic changes thus indicated, 
we liavi* no means (d ealculatiiiit with any a]>))roach to 
iicciii'acy. 

d, Some of the (h']>osits in which the remains of man 
liav(‘ heen lonnd associated with the* hones ol extinct iMam- 
iiials, are such as to show incontestahly that yreat chanees 
ill tlie ])hysical ^I'oyraphy and snrface-conti;e:nration ol West- 
ern Ikirope have taken placi' sinci' the ])eriod oi their accmii- 
iilation. W'e have, howi'vm', no means at ]iresent ol jndyiny 
at tlie laps(‘. of time thus indicated except hy analo-k's and 
coiiijiarisons which may he disjuited ; tlionyh the ycncial 
foiiclnsion that it was a very loiu!; and I'xtendcd one nia} 
he safely acc('])ted. 

t). d'lie hnman imjdements which are associated \Nith the 
I'ciiiains of extinct Mammals, themsidves hear evidenci' o! an 
‘'Mcei'dinoly harharons condition of the human s]>ecies. I’ost- 
I’liooom "or “ 1‘aheolithic” Man was clearly unac<iuaintcd with 
Ihc use of any of the. metals. Not only so. hut the work- 
'Haiiship of these ancient races was mmdi infe.rioi- to that (»1 
llic later trilacs, who wer(‘ also ij^iiorant ol the metals, am 
^vho also used iiotliinL; hut weapons and tools ot stone. 
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7. Lastly, it is only Avilli the Imniaii reiiiiiins of the Posy 
riioecne peiaud that tht‘ pahooiitolnuist |»r(>])L‘i- has to deal 
AVIieii we enter the “ llecent” period, in whieh tlie remains 
of .Man are assoeiated with those ol' fxUliitti .sjh‘cirs of 
Nia/x, W(' pass out of tie; reyion of pure ])ala*oiitolony jui,, 
the domain of tin* ArelueoloLtist and tlui Kthnohieist. 


LITERATUKE. 

1. ‘‘ Fos-ilos.’’ (’uvicr. iStJC. 

" Manual of Eahi'ontnInMy. " Owam. I’d <d. IS(;1. 

;5. “ t'mii|.aralivL‘ Aiuituuiv and IMiv.-ioloiaw of Vortolu-ates.’' Uwiai. 

IsCU-Cs. 

1. " ( idoiiioanaphy. ’ Owm. lslo-4ri. 

e. “Manual (jf tlie Anutoiuy of \’iTtid)ratfd Animals.'^ lliixlry. 
isTit 

(J. *' Till' (i.at-rapliical Distriluitioii of AnimaL.” M'allaci'. isTd. 

I. “An Inliotiiu-lion to the U.>lfolnyy of tlic Maiuinalia,” Flowar. 
ls7u. 

s. “ lliinlcrian Lectures on the Relation of Extinct to Muni- 

inalia.’ f’lower. ‘Nature.’ 

:i. “ Intnxluetion an. I Su.cexi.ui of \'ertehrate In'fe in Anieriia: an 
Address dclivereil heliae the American As.>oeiation for the 
Ailvanceiiient of Science,” Marsh. Is77. 
in. “ Saiiyetliicre.” (liehel. ‘ I’.idun's Elasd'H und Ordnunyeii dcs 
'fliierreichs.’ 1S7L (In coiir.'-e of puhlicat i.ui.j 

11. “ Zoole^ie el Paleontologies yi' lleiales.’' ( ii. rva i.-. \>l sclics, 

l''li7-d!); 2.1 serii-s, 1^7<I. 

12. “Z.ioloyieet Pal»h)nt.d.)yie l''ran.ad>e.'.” (Ier\ai-. 2d cd. jSall. 

I ;i. “ P.i it i-h E.d>il Maniinal.> and Ihr.f'.” Owen. IMh. 

1 1. I raite <le I’ab .Mitohiyn-.” Piet. a. iSoa-oo. 

1 o. “ Li ' Em hain./iiieiits d n .Mon.le A iiiinal .laiis le.s lenips yeoloyi.|ncs: 

Maniniileres teitiair.-s.” (tau.liA . Is7s. 

Id. “.Nniinaii.x fo-.-ile> et (l.'oloyio dc I’Alli.jUe.” Oaiidry. lsi;2-<;7. 
17. “ Aiiliiiaiix f..sdl.-'. .Ill .M..nt Lf'her.ui.” Oaudiy. ls7;5. 

1^. " t 'ataloyii.' .)!’ t he l'’.».•','il Oryani.'. |{.•nlains .»f .Maliiinalia and A ves 
in tlo' .Mu.-. uin <d’ the R..yal Colleye .d' Siuyeons .d' Enylaiid. ' 
Owen. Is Id. 

l!i. •* I-’aiiiia Antiijua Sivaletisi.s." Eal.amer ami Sir Prohy CatilhA’- 
IS m- m. 

20. “ P;da (Uif.doyic;d Memoirs ami N.des (d’ th.' late llnyh Falconer. 

( oiii|iiIe.| ami I'Mite.l hy ( 'harle.s Murclii.'on, .M.lt, I'.h.S. 

iscs. 

21 . “ ,Monoyia|di .d the liritisli Fossil Idei.'locene Mammalia. ’ Pw\- 

kins ami Samlfor.l. ‘ PaIa‘onl.»yia)dii.al So. i.dv.’ isdd-J- 

22. “ J‘..\t inct Mammalia Irciiii Nehra.-'ka 'I'l-i i itory,” Lei.ly. 1^7)2. 



LTTEllATUllE. 


425 


2o. “Tlio Extinct i\Iaiiiiiialian Fauna ul‘ Dakota aiul Ni-laaska.” 
Lci.ly. lSt>t). 

2}. “The Extinct, Veiti'hrate Fauna of the ^Ycstcl■n Tciiitovifs,” 
la-nly. is7:h 

2."). “ Fossil Mammalia of Australia.” Owen. ‘I’liil. Trans.’ ISoS 
ami iSCo. 

2(i. “ Fossil Mammalia of Australia” Ow-n. 1877. 

27. “ Fossil Mammalia of tln^ .Mesozoic, l'’oiniations.” Owen. ‘ Fahe- 
outoy'raphical Society.’ 1871. 

2s. “ Memoir tni the Mi-;.^atlieiium.’’ Owen. 18()0. 

2!t. “ Skeleton of tin- Mylodon.” Owen. 1^42. 

itti. “ Meiiujir on the Extinct Sloth Trihe ol North America. ’ Leiily. 

1 S.Mh 

:U. “Ftissil Ylainmalia.” Owen. ‘Zoohtyy of the Voyage ot the 
Deagle.’ 

42. “Osl('ographie des cetaces vivaiits et fossiles.” Van Hcnedeii snd 
Oervais. 18(18. (In course ol puhlication.) 
d:’;. “ Monograpli of tin- ('rag Cetacea.” (Ziphioid Wliales.) Owen. 

‘ I'aheinilographical Society.’ 1870. 

41. “ Osteidogv of the I lyopotamidie.” Kowalewsky. ‘ I’hil. I runs. 
1.874. 

4.'., “ Monogra])hie der Oattung Anthracotherium und Versucli einer 
iiaturlichen Clas>ilicalion der lossileii Hausthiere.” Kowa- 
lewskv. ‘ I’aheontograj'hica.’ ISCh 
4(1. - Eo< am- Saug<4hiere aiis dein Oehiet des Schwei/.erischeu Jina." 
Hut iniever. 18(12. 

47. “ licit rage /u einer palaamt.dogischen Oeschichte der Wiederkauc] 
zunachst an Linm-'s (h-niis llos. ’ Uutiineyer. ‘Mitlheil. del 
Natiiri'oi-sch. (h-M-ll. zu Hasi-l’ l.Hl.a. 

4s. M-e.>.nd. einer naturlichen (h-schichte des Rindes in .semen 
llezielmngen zu <lcu Wiederkauern ill. All.ccmemen.” Ruli- 
mevel. 18(1(1. ^ . 

41). “ ('lassilication of tin- iMeislocem- Stmta of ll.itain and the ( ontn 
nenl.’ M,)uart. Jouru. (h-ol. Soc.,' voh xxviii. Hoyd Dawkins. 

10. “Distrihution of the l’o.st-( llacial Mammalia.” //-a/., vol. xxv. 

llo\<l D.iwkins. l8(ll). 

11. “On llritish Fos.sil Oxen.” //'u/., vols. xxii. and xxni. l.oxa 

Dawkins. 1 8(1(1, 18(17. • » i 

12. “Ilriti.sh I’rehi.storic Mammals” (Congrc.ss of Ihehistoiu- Arc la- 

olo-^v, 18(18). llov.l Dawkins. 

14, “Centrihulionsto the' History of the I )eer of the European Miocem- 

and IMioeene strata.” Royd Dawkins. ‘Duart. Journ. (ool. 


14. “ Ih-itrage znr Kenntniss der lossilcn I’fi-rde.” Rutimeyer. 
handh 4er Nairn forsch. Cesell. in F-asel.’ I8(i4. 

IT “Anniversary Address.” Huxley. ‘ (.^uart. .lourn. Ocol. Soc 


‘ Ver- 

1870 . 



l.lTEnATUrvK. 


iL’r, 


if). “ Snr I'Ancliitlu'i'iinu ium-lianoii.^e ct siir I’liistoiro ])al('()nl()1()Mi,p,,. 
(l<'s chfvaiix.” KowaU-wsky. ‘ Mfiii. dv I'Acad. des Sci. dc Si 
PidiTslx all's.’ 187d. 

47. New Jv[uiiit‘ Mainnials IVom tlie Tertiary Foriiiatioii.” 

‘ Aiiicr. .ioiirii. Sri. and Arl.-^.’ 1S7 4. 

48. “ rriiiripal ( 'Iiararlers of tlie ( ’orypliotloiilia.’’ ^lar.-li, ‘Anicf 

Joui'ii. Sri. and Arts.’ 1S77. 

4!). “(lisantir I'o^sil Maimiials of tlie Order Diiiorerata.” iMaisli, 
‘ Aiiier. .loiirii. Sri. and Arts.’ 1S7:{. 

■>(). SliDl t-lnntrd rnylllata of t Il(‘ lux'elle of WyolllillS.” Cope. ‘ I’ror, 
Anirr. I’liiloso})!). Sor.’ I.s7:5. 

T)!. “ Structure and Atlinities of tin- liroiitotliei idre.” Marsh. ‘ Aiiin 
Journ. Si-i. and Arts.’ 1^74. 

■ rl. '• I’Mnri|ial Cliaraetei'" of the JU'ontotherida'.’’ Marsli. ‘Aiiicr, 
.loiirn. Sri. and Arts.’ 1S7(I. 

od. “ri inri])al Chararters of tlie Oiiiocerata.” Marsh. ‘Ainer. .loiirn 
Sri. and Arts.’ Is7<:. 

7)1. “ l’i'inri))al Charaeters i)f the Tillodoiitia.” .Marsh. ‘Ainer. .loime 
Sri. and Arts.’ |s7(;, 

57). “ Sur la <lentiti()n des ])rol)osridi«-n.s fo.ssiles.” Laitet. ‘ Hull, di' 
la Sor. Ceol. de Fraiire.’ ISolt. 

ofj. “ ] il'srri j)tif)n (run eiaiie colossal de Diiiotheriniu sisaiitriiin, ’ 
Kaup. h"':i7. 

57. “On the Oelitition ainl OsteoloSy ofthe Maltese f’os.-il Fle]i]KUlC." 

l.eitli Adam-. ‘ 'rraii-. Zool. Sor. Ldiid.’ 1S74. 

5's. “ .Monosraph on tin* Ihiti.-h V'o.'sil F.le])hants,’’ Li'itli Adaiii'. 

‘ l’ala“ontosraj)hiral Society .’ IS77, 187'^. 

5d. “ Xas'*riil)i*iTeste an- llohner/.eii Sinhh-iitsrh lands urn I dt-r Srhwei/." 

Forsyth .Major. ‘ J’ahi*dntosia|)hi«';i.’ 1^7:’.. 
to. “( .afalosui* nn*t hodi(ple et <h*srriptif deS Vertt' KiVs jossiles demil verts 
dans le ha.-sin hydiosiaphitjne -uperieiire (h* la Loire.'' I’oiiu 1. 
1 '' 54 . 

f'l. “ 4 he ( Jeolosieal iA iihuires of the Anti([;iity ol' Man. ’ Lvril. 
i8f;:5. 



1> A L .!•; 0 0 T A >; Y 




P A L /E 0 B 0 T A N Y. 


CltAPTliR XLIX. 


(IkNKKAL liBI.ATlnNS OP Pl-ANTS To TlMK. 


Tin; Siil.jcct of rala'obotaiiy or rala-oi^liytolo-y is oih' wliich 

far too vast to 1 h‘ livalcd of in a. work of this natuiv : 
whilst it is (ino whioli is (»f loss iini>ortan(r to tho goiioral 
siiuhMit tlian that of I'ala-ozooloyy. kor this roasoii, nothiiiu- 
furthor will ho attoin])toil horo than to yivo tho hriofosi and 
most (‘lonnaitary ontlino-skiToh of tho oimioral <listrihuti<tii ol 
jilaiits in ]tast tiino, to whioh will ho addod a shoit suinniai\ 
of tho ohiof forms of vi-Ptahlo lih* whioh oharaotoriso 
oaoh of tho ovoat lormatiims. Tho following tahlo shows 
tho loadin,^ ;4ronps int(» whioh tho. Ah'gvtahlo Kingdom is 
hividod : 

Divisions ok tiik Vixnn'.vin.K Kinoihoi. 

I. Cuvi'ToiiAMic I'l.AM's (<lr. cmaMl.'.l : mAin i-i-), 

In liuviui; uu .listind lluwd's or fnol. 1 Iny 
77, ;•>. Sra-w.-nls (.1/,.-), I.irhrn. (hri, Mu.hrnono, 

kr. [Finnii). 

h. yluiH/o^s. /vVjavcaworts (/A>y.atmr). M 

r. Ano,jn,.. Ouloiuossrs (;,„r,v«»/mr,.r), Ktus yhh,:.<). Ho.- 

tails (Kii^tUrloCi'c). . ^ 

II. I'hankuociaMU' PI.ANTS {V.v. ,.f...„rrA,s <'onsr>''uon. ; y.odo o. , 
.ia:-,.), aidini-uislu-d l.y lla^■iu,^ -lOiin't tlo'Vcr.a a„.l .-'.Is, Ho.' ■ 
'livi.lcd intu- 
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II. Kniloiji E.,-. Crasscs, I’alms, Iali,*s. '\l\vsc liavi^ i niluij, iimis 

-tciiis, slul\vill^■ no riiii^^s oT ^rnwlli, and the yoiiii_!^f ]»lant jtosscsscs hut a, 
-iiiuic scril-lobe or “ fotvluduii.” lluiicc thuv aru (d'U'ii uallud Miniar.itu 
lnlnn.<. ' ■' 

li. E'liiii /i.^.- Ei-.V'wu'^^ and ( Voads, with most ni-dinarv slinihs, ircfs 

and lh;W(‘i-im^ I’incs and (’ycads, with tin* fossil Siiilllurlu 

have the s,ud iiaku.l, and arn limico uallcd C iiiinii>.<firnjt.'i (Cr. iiiminns 
iiakad ; ■<i>rniii(, scud). Ordinaiy Iruns and shrnhs, on tin* otliui- hand 
have the su(‘d tn'olnctud hy a sia-d-vi-ssul, and aiv thuivfoiu uallud Amiin- 
<ji' rniK. Both the ( iyniiiosjM'nns and Aiiuno.-purms have an -'.-•u</a//fnus- uiodu 
■ d' -I'liu til, with a tnn* hark and annual rin^ts of growth. 'I'liu suuil alai 
I lOvNus'-U' t wo suud-lohus or *‘ uolyludons ; ” and they arc thciufoiu (itn u 
Sliokun of as I )iriifilti-i{nii,<. 

As it'Liai'ds ilin (listiiBiitioii of tin* iiriiicijinl uioiijis of tin* 
voootnlilo kiiio-doiii in time, the C'rvidooaiiis an*, on tin* wlioln, 
uldor than the rhanerot^niins, though tin*, ronner are in nianv 
iiistaiicos little adapted lor ]treser\ ation in sediiiientarv 
aeeumulatioiis, and very little is known iihout the past oe- 
( iirn*ii( (* (d‘ itiiv hilt the iimrc* hi;d,hly (n’Lttinised si'ctions of 
llowerless plants. Taking,' tin* A/i/ir lirst, we have hiit very 
frayinentarv evidence as to tin* past existence of the niicro- 
<eopie plants which an* known as Diatoms and Di'sniids. 
'I'he tormer of these, Iteiiie,' fnrnished with a siliceous epi- 
dermis, ar<* (piiti* I'apahle, of 
preservation in the fossil state, 
hilt tln*y have, ne\-ert lielcss, not 
heen as yot detected in any ol 
tin* <il(h*r strata of the. (*arth’s 
crust. K’ecenlly, Count (k'lstra- 
<Min* announced tin* discovery 
<>1 Diatoms in the ashes ol 
coal ; hut tin* invest iL;at ions 
ol Tivd'essor Williamson ha\(' 
thrijwn ilisc.i'i'dit upon tliesi* oh- 
s<*rvations, and W(* must tln‘i'e- 
lore assume that Diatoms have* 
not hitherto heen d<*lected in 
the ( arhouil(*rous rocks. In tln^ Tertiary deposits, however, 
we meet with yo'eat di^jxrsits of so-calhal “ Infusorial Karth,” 
which are really in ^.^reat part made* up of the siliceous 
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of Diilloiiis (liif. ()‘)2). The most celehniic'd of 
tlics(' 1 )iutoiiia(“eo\is dejMjsits is the so-called “ Uiohmoiid 
KiU'th ” of Vii;ij,iida, which attains a thickness of thiity feet, 
and is of l^locene oi‘ Mioceiii! a.^e. Anotlier similar deposit 
is tlu; “ tilpoli ” or “ I'nlir-schiefer ” of llohenua. The Des- 
iiiids, nnlike the Ihatoms, liave no liard covaain^', and their 
alisence in a fossil stat(‘, is therefore not snrprisiiii;'. TIk' 
siiiuular microscopic bodies wliich :ir(‘ known as XiMiihidi;i,” 


have, however, ])eeii rej^arded as refea’ahle to tlui Ih'siultlur. 
They liave tin*, form of minute S]ilieres iirovided with radiat- 
iti'4' s])ines, and tliey have h(*en detected in the Hints of the 


and in tin; chert of the Devonian formation. 

Trolessor Martin Duncan has recently drawn attention to 
llu‘ existenct' of minut(‘. tubular horiiii^s in shells and cor.ds 
l)eloii‘^ino to the Silurian and Devonian periods, which he 
rci^airds as tlu^ W(U'k of unii-elltdar liliform ])arasilie J/ye, 
and which he names Ddif itr/il ifu , on account ol theii' a])])ar(ait 
relationship to the ri'cent ArJi/i/(t. 

A much more impoilant ^rou]) of Ahjo' is that rei)resented 
at the jiivsent day by the so-called '‘Corallines” and "Nulli- 
])ores.” Th('S(‘ hav<‘ the ]>ower of si'cietinj^ calcareous matter 
within their tissues, and they olten attain a cmisidi'rable si/e, 
so that they are W(dl adapted for preservation in the fossil 
state. Nevertheless, no tract's of Xnllipores have as yet 
laam .leU'rminetl, with certainty, from the ohh'r rocks of the 
.■arth’s crust. On the other hand, yrcat accniiiulalions of 
the remains of tlu'se stony vl/yu’ art' touud in the D'ltiaiv 
series o)‘ Kui'oju'. Thus, the so-called “ Leitha Kalk til 
Austria is lar-ely made up of calcareous coueretiou - like 
iiiasst's, which are undoubtedly velVrahle to the, Nullip.u'es 
ttiy. (did). Mtnvover, if Mr tarter he correct in tlie view 
that the sinr;ular microscopic bodies known as coceolilhs 
iiie really referable to the Nullipores (.l/eA;//(s/e), lii' n we 
>mist admit for these singular Ahj:a' a hiith anli([uit} , since 
thes('. striu'turi's occur abundantly in chalk, and aie statnl b} 
eiMiiliul 1(1 he. im'sciit ill iilim'sl, ;ill liiiii'sUmcs, iiiclmlni.U 
'‘Veil those of the Lower I’aheozoic hu'iuations. 
l.iislly, tl„( (iidiiiiiry iiiiiriiin Al«’ 

'll all the stratilied formations, from at least the mcvci 
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— is till! (JhiiutI ni('s n risiiif t/ IS ol tlu* Vjiper Siluvinn nj 
ScDllillltl. 

Till' sinnll and ])ecnliar (JiTjito^aiiiic, ^roiqi ot‘ llic, ('linins 
{l'li(ir(ic(<r) is known to occnr in d(*posits as old as tlin dur- 
nssic, liy nit-aiis of tlioir niinnto s])irid simmIwosscIs or “ s])or- 
:iiiyia;' W(‘ll known undor tin* ^oiK'ral nanu* of “ yvro^onilcs." 

Till! j^rcat i^rouj) ol tlio is roproscnted liy ])Iants 

with dilliculty snscejitildi* ol lossilisation ; lint we an*, n(!\(*i'- 
tlwli'ss, al)li‘ to ]K)int to tlu* oxistcnci* of lliis s(‘('tion of tin* 
( Tyjilo^ains in rorks as old as tin* ( ’arliitnifcrous, owiny to 
till! ]m‘S(‘rvatii)n of llioir niyroliuni witldii tlui woody siciii 
(if plants of a liiyhcr yradi*, or from tin* silicilical ion ol' the 
ciitiii* fiinynis. Of tin* former nature an* tlie myeclial 
liilados wliii*li W(‘re dett.*etad l»y Mi’ \Vorlliiiiyton Smilli 
witliin tlm axis of a Lrjndod, ad ron , and wliieli Ik* has minK.'d 
IVruiiiisjiD/’lh s (t tiliijiiii rins^ in allusion to their remarkidile 
likeness to the I'uiiynis whieh produces the potato-iliseasi* 
(the /V/7om.s7>e/'u i /i/rsfn ns). ( )f the latter nature an* the 
I'urioiis fossils of the Ooal-measures of Nortliundiei'laiid. le 
Avhieli M(*ssrs Ilaiieoek and Atthey ha\e yi\'en the name 
el ^ \ I'i liiKin I'ii-on (li*^'. d'do). d’h(*se are oval, roundi'd, leii- 
tieiilar, or iri'eyular bodies, under an inch in leiiyth, and 
'■'»in])os(‘d mieroseopieall V of iri’eyular. ramifyiny, tuhular 



Atllirv.) 

•iliiiiients, which terminali'd in rounded vesiidc’s. (;oe])])ert 
deserihed a ( 'arhoniferous funyus {h.is/ ifin/ifis A ns/), 
which orows ]»arasitieallv upon the trond ol a leiii, .ind 
VUE. II. - 
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wliirli lias llio same carlionaceous texture as tlie ])l;ni( to 
which it is attaelu'd. Ilesidi's the ahox (‘-mentioned aiichaa 
ty|)(‘s, we nu‘('t with I'ossil l^'nie^i in almost all the succi'cd- 
iny j^'veat formations, and in tlu‘ 4\‘rliaiT period tlu'y hecoini' 
coniparativ(‘ly numerous, many toi-ms oeeurriiey in aiuhcr.' 

Licliens [Livlnnr>^), so far as known, are a, modc'rn eroii]) 
of ( Yypto^ams, tladi' lirst recorded app(‘aranc(‘ heini^ in 
the AlioceiK' 'I'erliary ; and tlie killworts ( /i7//;oce/y(cc ) aiv 
hardly more ancient, as they arc not known to occur in 
deposits oliltu- than tin* Hocciic. 

'I'lic tlirci' rc'inainino ; 4 ioups <4' the ( 'iT[)to^anis — naiiu'lv, 
the Ih-riis f7'V/c/'.s), tlu‘ J lors(‘-iails { Kiin istlfio tlic Cliili- 

mosscs ( Lf/fopixl i/tn 1 / ) — all lia\'c their hcLjinnin^s deep down 
ill tlic I’ahco/oic ]>eriod. Ih'rns seem, aceordiiiL;' to n'cciil 
di>co\ (‘I'ics, to (xnair at least as early as the middh' of the 
Silurian period (/ny/Zr/'/.s A inhijd n ns'tx), and numerous Ihiiiis, 
ditVcriiiy in no essential jioinls IVom those imw in e.xistciicc, 
were dilh-i'eiitiated in the hevonian ])(‘riod. 4'iie A'ijh isifairn 
arc known fi'om iMiMUiiaii strata, thoiiyh these anci(‘iit typi's 
din’ei' ill imjMii'lant j>ai t ieulais fi-oin the living 1 Iorsi‘-t:iils 
I.a^tly. the Lf/cnjioil iumt apjiear to heyin in the rpjier Sihi- 
l iaii. with the curious I’aheo/oie yrmip of the 

( 'oiiiiny next to the riiaiiei'oeams. we iind that, llu* yi'oii]i 
of the (iymnosperms has a decidedly higher anti(piily llaui 
the Aiiyiosjiorms (amoiiest the I tieotyledoiis), whih' tin' lattiM' 
aiv a miudi moi'e nualeru typr* than the Monoeotyledoiis. 
Thus, the ( 'oiiifers eomiiK'iK.'e ill undouhted forms as ea^l^ 

a- the hevonian; while the Si^illaiioids (vai'iously r(\uiinl(Ml 

a> t 'ryptiH^ams, oj- as an ancient ty]»e. intermediate IxTweeii 
('oiiifei> and ('vea(ls) seem In appear as early <‘is the l.oW’ei' 
Sihirion. Tlu^ ( 'yeads aic douhtfully indicated as oeeurrinu 
in I'aheozoie strata, hut are i-epi-esented hy uiupiest iouahle 
loi'iiis ill the Tiias. 4’he A iiyiosjiernious 1 tieotyledous, with 

' Aiiibi'i' is ;i ri’.siiions inn f'lom llic. root-stock, Icirk, :iihI wood ol ttn' 

.Miorciic l‘iiiift's and |ii oUalily ol' ()tlifr .sjKM'ic.S, lliol'o or loss ril:iti'd 

to Iniii'Z > 'oiiijri-s. Tlio masses ot an* casts of cavities in lliv loW' i 

paid of tlic stem or root. Ainkcr thus closely rcscnildc.s the modern “copal 
in iiatuic and origin ; and its jiala-ontolooical importance comes Iroiii the laid 
that, liesidc.s the, remains of plants, it contains an immense iiumhei ‘>1 Insect-. 
S|ddei\s, ,Xe., in a lieantifnl state of jn-eservation. 
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(liiliious exceptions, are not at ])resent known to occur in 
(l(‘j)()sits oliliu’ than tlie l'])))i‘r Cretaceous, and luaice would 
scciii to 1)0 a niode.ni t y))e. d'liat they are, at any rate;, iiiucli 
more niodei'ii tluin the ( lyinnospeians may he safely con- 
cludi'd, ihounli it may he at the same time taken for yraiit('d 
lliat W(‘ an* still V(‘ry imperleetly ac(pia.iiited with their 
mMiloyical liistory, sinci*. their tirst recorded appearance* 
jire'seiits us, not nit*rcly witli a. few sporailic ])recursors of the 
hut with a lai'ye* s(*rit*s of shar])ly-dihci-(*ntiated and 
well-known ty])t‘s. laistly, tlu* ^Monocotyledons are known 
to oeeui' as early as tlu* Carhoniferons, tlu; J^nf/ioci/rs of tlu; 

( '(i;il -iiieasnres heine;' a])])arently tlu* sinidix of a ])lant allied 
le I Ik* (‘xistinn; Arums. 

Takiny, in tin* next ])laee, a brief liistorical retrospect of 
iIk* disi lilnit ion of plants in jeast time, we find that tlu* 
nl(l(‘st remains of v(*y(‘tal)h*s (if truly of this nature) as yet 
known, ar(' tin* curious fossils of the Low(‘r (aind)rian 
(■' Fucoidal Sandstone") of Sweden, to which the nanu; of 
has hi't'ii yiv(‘n. Tlu* ])recise atlinities of J'Jopliyton 
lire, however, nneertain, and it cannot even he reyardt*d as 
lieiiiy l)e\'oiid ([imstion that it is re'ally I'clerahh; to tlu* 
veeuialile kinyilom. The fa)W<*r Silurian rocks, on the otlu'r 
Immi. have heeii loiiy known to yield ivmnins which may he 
kinked njion as incontt*slahly of a veyetaldi* naturi*, and 
wliieh an* almost c(*)'taiidy Si'u-wei'ds. In addition to tlu'S(', 
I’l'otessor Lesi|nereux has recently announc('d the discovery 
ill strata of this aye of fo.ssils whi(;h he reyards as an i*arly 
lype of tlu* yr(*at raheo/oic. family of the Siyillarioids {Tro- 
tn^ti,ln)u siijlllurio'uh-.p. In tlu; Cpiier Silurian have hi'en 
'lct(‘cted numerous Sea-we(*ds, and tdso remains ol umpu's- 
tioiiahle land-])lants. Ammiy the latter, tlie 
are ivpreseiited hy the sinyular spon'-casi's known hy the 
iimiu* of I\i,‘/nf(}nrn, hy the familiar Paheo/.oic yenus LpiJo- 
'^nulrnn, and hy tlu; remarkahle yeneralised ty|)e /k/7e/^/////c/c 
whieh is in some res])ects intermediati; lH*tween the tint 
hluh-mosses and the Ferns. Ciupiestionahle Ferns {F.optcris)^ 
■'lli(‘d to the Devoniiin :ind (kirhoniferous yenus AVcre/7e/a'.s-, 
'lie ])r('sent; and the yroii]) of the Calamites amony the 
is n'liresented hy FphowphnUiim and Anunlarw. 
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Ill tho Di'voniaii ])eri()(l — as wa* now know, from llio i('- 
scan-lies of Dr Dawson ol’ Montreal in j)aiiienlar — ])laiits ai'c 
very alaimlaiit, and ludony to varied types. Tlii' yi'eat i^i-ouji 
of tlie (lynmosp(M‘nions JvxoLicns is lieni ]-e)ir(‘scntt‘d liy 
j-miiains of A’arioiis (’onilers [Jhnhu-iilnn , OriiHu iilon ^ and /Vo- 
f of I u: if ('s'). The Ferns are i-e])i-es('ntcd hy niiniei’oiis s])cci(‘s. 

in many eas(‘s not far removed from ty])es now in existence; 
and it. is ints-restiny to notice that Tree-ferns (/ kc/'ca /Vs and 
(it (ilojtf('ris) imt wanting amonnist these. The Tjiro- 
l)o(Hoc(if or riuh-ninsses are i'(‘presented in tlu' Dc‘\’oni;in 
series hy nuinermis remarkahle types, such as Jj'iddoth mf roii . 
Lr/ndojdi/ofos^ ( i>r(/(i ffi's^ and Lijcoiiodifcs. d’ln* Siyillarieid 
])lants, r(‘U'arde(l hy diffen'iit authoi-ities as heiny ( 'imifereiis, 
or Jneopo/liaceoiis, or as heiny intermediate hetweeii tlie 
Aeroyi-ns and ( lymnosperms - are represented hv s]teei(‘s of 
St/f dl'f I'lti itsi'lt, with its Sf i(/ittif fKt j'o(tts. d’he lh»rse-tails 
or K>iiiis(f(i('((t' an* rejn-eseiited hy species of the. I’einarkaltle 
yeiius dtihiiiiifcs. Tin* yenns J/////o//7//e,s. eommoidy sii])])osed 
to Ite the spike. u\’ IVnetiheatioii of sonn* phaneroyamie plant, 
and now known to hear the prohahly ( lymiiospermoiis frnit- 
( it rdlocd rjioii is repi-csented hy two species in the D(Wonian 
ineks. Lastly, the Devonian formation of the Siiit(* of New 
^ ork has yielded the remains of a sn]i|)osed Anyiosp(‘iiiioiis 
Fxoyeii, which has heen deserihed hy l)r Dawson under tlie 
name ol S(//'i/i(fo,i Iflon m t I'lthift’. 

\\d‘ thus see, e\'en from siieli ail imperfect summary as the 
aho\f, that we niiist ahamloii the old view that nothiny like 
a yeiieral and \'aiie‘d lloia existed in tiim-s anterior to the 
< oal-measiires. Lcaviny the imjterfeetlv known Ihn-as of the 
Lowe.i- and I’liper Silurian, and of the still older Canihriaii, 
on (uie si(h‘, We see that at a point of I'alao/oie. tiint* as 
early as that represented hy tin; D(‘voniaii lormation, the 
earth exhihited n fm- jVom scanty veya'tatioii, eom]»os(‘d ot 
tint/ land-jdants, and eniliraeiny re|»re.s(‘ntatives of almost all 
the yi'eat yroiips of jdants which at |)re.se.nt yi'ow u)»on its 
snrlace. Thus, we lind in the, Devonian rocks rejiri'seiita-- 
fives ot the yrou)).s of the Horse-tails, Dliih-mosses, herns, 
and ( lymnospermous and Anyiospermous Kxoyeiis. V\ e 
ha\'e, Jiowever, no certain representative ot the yreat yroiip 
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of tlie Kiu1(»l;(‘US, wliilsL tlu', Aii^iosporiiimis 1 ’ao;_v('iik inv. 
(loulitrully known l>y ;i sini^k* j^inins only, vcprosontcul Viy 
;i sin;yli5 sjx'cios. I'jxin the wliole, tlieivrore, the vej^etjition 
of llu* l)t*voni;in |K‘iio(! is (‘.liiir;ic.t(!rise(l hy the predoniinance 
of (h’yi)to^;iinis and ( iyinnos|H*nnons Kxo^ens. 

Tassiiie; on to the ( 'a.ii)onir(‘i‘ons ])ei iod, we have to con- 
sider tin* lari^i'st and most varied of the I’aheozoie iloras, hnt 
one wliiidi is in most rc'.specls vcny similar to that of the 
I)(‘Voiiian ])eriod. Some 1 )evonian genera of plants do not 
jiass up into the ovei-lyinjj; formal ion, and soiiu! of tlie 
( 'ai'honifei'oiis pem*ra have not been recognised in the 
l)(‘\()nian; whilst liardly any sjn-rirs [[\v. common to the two 
lldi'us. Still, t he Ltauiei'al J'lfrirs of the. ( 'arhoniferous v(*tj;ela- 
tioii is much llu*, same as that- of tin* l)(*vonian; and the 
same proiips ])i'edomiiiat(* in tin* former as in the latter. 
The prc<lomiiiant pimips of ])laids in tin* ('arhoniferous 
rocks are tin* f'erns f/'V/c’es), tin* Si^illarioids, tin*. Lepido- 
ilmidroids, and tin* Calamites, of which all e.\(‘{'pt the Si'^il- 
lai'ioids are certainly ( 'ryptoeaiiis. Here, als(t, wc* have tin* 
liist inslaina* of the (H'eurreina* of Kunyi (^irr/Ht;/iiri(VJi, S:v.) 
The ( 'on i h'i'if are W(*li i-e)»resented hy seV(*ral pencra {^tron- 
oinn.rijloii, Iholn.i Jf/oii, Ac.), hut HO rcmaiiis of lives h(‘lonp- 
iiip to the Anpiospmainais Ivxopens have lx*en as yet deti'ctcd. 
Tliciv are, hoW(‘\ei', a few llowi'iinp plants (such as the 
Moin.cot vledonous ro/horUrs of tin* Scotch (’arhoniferous). 
I.astlv, the ( 'arhoinferous rocks ha\(* yi(*lded remains ol tin* 
I'vims Xoifi/rrnflnn, releired hy Uronpiiiart to tin* pceuliar 
( > vumospermoiis proup of tin* t //cfoAovve, hut reparded h\ 
nlliers as heloiipinp to the Ferns. 

In the. Fermian period, the vepi'tation is nearl\ related to 
that of the ( 'oal-measur(*.*s. We havi* still numerous Ih'rn.s 
(\rnroi,/rrls, iWopIrrIs, SjJininpIrri.^), 'ITve-feriis ( /ke/va o/.s'k 
die Lvcojiodiaceons irpulmhiuJ ron, and ( alainites, 1 he 
hoiiifers, also, an* ahnndanl, and helonp to several penera. 
Soiini of tin* Conifi'rs, howe.v(*r (as I Ihnunid), hear peniiim 
'■"lies, and the Sipillarioids, which are so eharacteristic of the 
1 Arhoniferous period, have apiKiivntly altopether disappeared 
'll tin* Fermian. 

Witli tl„. Trias wc ccininciic.' Uic -real sciic.s of Ucsozoic. 
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(le])Osils, and tlii'ii' is a inarkad ahaia^c in llu* va^ctah^ni ol 
tins pi'riod as coiiiparnd willi tlait of tlic ( ai'boiiilcious ami 
IVniiiaii epocdis. 'I'lit* Li imhultiul rouls and Sii/illf/non/s liavr 
now completely disa]»])eai‘ed. TIk' Calainites of the (dal- 
ineasni'c'S aic* repi'esonted I'V true llorso-tails { hr/n is( f ih s) 
I''eins and (’oindhrs are still ahnndaiit, and sonic of the lat 
ter ( / ’c//:/ej are hv no means unlike (‘xisline; lorms. kasth, 
there is an ahnndanee of remains of ( 'ycadaei'oiis ]ihiiils 
[ P/n‘nf)/i//llti 111 , Ini/d'jnii ifi d'C.) 

Th(‘ dnrassie and Lower ('re(aee(ms dejiosits ari' similarly 
eliaraeterised hy an ahnndanee of ('yeatls, Ferns, and ( oiiilcis, 
the first of tlaese in partieidar const it ntinit a niarki'd leatuie 
in the vi'uctal ion. 

In the rpper Cndaeeous period^ we have* the lirst a|i- 
pearaiiee, (hlher ahsoliildy, or certainly in any (inaiitity, cf 
ordinary An;d<rs])ernions FxoLtens, similar to th(»sc whicli 
pi'(‘dominate id- tine jncscnt day in the llorii of tcm]MMalc 
I'eyioiis. Lcsides Ferns andCycads more or less aliieil to 
dui'iissic forms, we have now ntimerons 1 )ic(»lyleiIonoiis trees, 
such as th(,‘ Oak, l>(!<‘ch, l’’iy', I’ophu', Whdnnt, Willow, ,\hler, 
Ac., hcloiiiainy to familiar yeiiera now in e.xisteiiee. lleie, 
also, W(* ha\'e tlu; first appcai'anee, so far iis is eerlainly 
known, of the yi’onp of the I’alnis. 

( >f th(‘ \'eL’etidion of the Tertiary peri<id. it is sidlieieiit t" 
I'eiiiark here that now there, is a marked lU'etfominaiice el 
Anyios])ermons Fxoecns ;ind of Kndooeiis its <-onii'aie(l with 
('rvptoyiuns and ( i vmnospernions Fxoecns. Not only is ihC' 
the ease, Imt niiiiiy of tin; Tertiiiry plants ajijiroximide eloselv 
to (existine forms, this iipproximat ion hecomine 
more niaik(;d its we recede from the Koeeiie and a]»]>icaeh 
till* h’eiamt period. 

llefore elosine: this hrief revi(‘W of the sueeessioli of phints 
iipon the elohe, it imiv he well to iiofice shoiilv ii eiaieial- 
isation which w:is Ion;e since niinie hy M. Adoljdie llronyni.nt. 

' 1 1 is iiii Ik H’ In cuter in to t lie (|uc.sl inn a.s to u lictlicr tlic so-i ,il!< '1 

“ laAeiifi'' Si'i'ics ” of North Anicrii ;i, which rc.'its iiiidonhtol < rctn"i'>is 

■stiat.'i, and i.s overlaid tiy tiii(|tie.stioiialde l.ower Tertiary I'ols, and wliitt ha.-^ 

yielded sinli a, niiiijher ot .\ iie'i">pcriii.s of 'I'l-rtiary ty]ic, is itsell icall) el'' 
aide to the ( 'retaeeoiis or to the, Koeeiie foitnalioii. It will li'ic, oH the 
strength of its animal remains, he re/farded as of ( 'ra taccoiis ao(‘. 
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riiis (lisLiiii;iii,slu‘(l obst'.rvrr, in the. series of stratilicMl 

Jepdsits ill aeeordaiiee willi tlie I'ossil plants contained in 
lli(‘in, named the Paheo/oic, jieriod tlie Ai^e of Acrogens;’ 
th(' S(‘condary ])eriod (exclusivii of the (Jn'laceous) the ‘'Aye 
of (lyninospenns,” and tlie ( 'ndaceons and 'rei'tiary j)eviods tla* 
"Aye of Anyiospenns.” This yeneralisatioii, thonyii still ex- 
jii'cssiny a yeneral tnith,can oidy hi; accejited with eonsider- 
aMe vesm vation. ( i ynmospevins, and ]K‘rliaps even Anyio- 
s])erins, are not unknown in the Paheozoie period; and il 
the Siyillarioids shonld he rc'fm'ixMl to tin', former yroiip ol‘ 
plants, then the later Pahiozoie period would luivi? as yood 
claim to he called the “Aye of ( lymiiosperms ” as tlie 
Sccoiidarv period. Ayaiii, as ]>oinled out hy Sir Charles 
hvell, the Power and Pjiper (’r<*taceous Homs differ from 
one another in the most strikiny manner, the Lower Creta- 
i'(‘ous ayrceiny in this ri.*s])ect with the -lurassic series, whilst 
the rpper ('retaceous sm'ies is linked on hy its j'lants to 
the 'I'ertiarv formations. The. line, thendore, hetwcen tlu' 
.\y(‘ of ( 1 vninos]H*rms and the Ayt'. of Anyiospernis must he 
drawn hetwcmi the Lower and ('pp‘‘>’ Cfetaceons, ami not at 
llie has(! of the ('retaceous si'i'ies. 
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('ami:i;iax Plants— TIi(‘ I.ainviitiiiii and iliir^niiaii dc]tf)sii> 

ha\ (' as V('l. yielded no remains of [ilaiits ; Inil the oceiii iviicr 
of yrajiliite in lai'ye i|uanlity in tlin tdiiner of tlies(' Mould 
stroieAly siij»i><»rt llie view that llic l>anrcn(ian ])(Tiod was 
not wiiliont ill! ahiimlani niaiine voyctation. The howci' 
('and)i'ian rocks ha\e yielded many so-called liieoids ; " hat 
thesis are almost in\a)-ial»ly In he j'efei-i’cd to tlie tracks ami 
liiii'i'ows of niaiine worms. The only yeiiei’aHy admitte(l plant 
nl the Lower (’amhrian jieriod is the Xojili iiloii (liy. hTh 
nl' the “ I'lieoidal Saiidstmie ’ of Sweden. 

The singular Idssils ivl'eired to this ncmis consist "f 
slraiyhl, liirrowed, and striat<-(l sleins, which (‘an hardly he 
anything else than the i-emains of jdanls. Tin.* allinioVs. 
howevei', of lh(‘se ancient fossils are (jiiite unde((‘rniined, 
except that it seems |metty certain that they cannot he 
referi'cd to the Ahjtf ; and Piineipal Maw.soii is disposed to 
reyard them as ])ei‘ha|i.s of inoryanic oriyiji. 

In the rpper ('amhrian I'oeks (Potsdam Sandstone) "I 
North America oc(-iir various so-called “ I’hieoids ” (/W/ce- 
yo/zye/es, Ne. , The true nature of (he.s(*, however, is in many 
( imes veiy doiihtfnl, and it is (juesi ionahle if any of lht‘ni 
call really h(> reyarded as jzlanis. 

Sna;i;i.\N Pi, ants. TIm; nmiains (tf jdanls in tin? Siluriiin 
sm'ies ai’e com j»aiativ(;ly lew in nnmhei-, and re(juire little 
con.sideration. In tin; Lower Silurian rocks a lai’yc iiimd'ci 
of Idssils have he(*n ivyarded as Sea-weeds, and j'eferred to 
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ticatinii. Tender the roniier supposition, they may he (•oin]i:ire(l Avitli 
A II II iildnit la.i'ii ot the Devonian, uml llic. radiating voot-lik(‘ liodies 
,i>r-oriated with it. — (J.)awson, Iveixnl on Devonian Flora.) I’lidei' the* 
Mippositi(ni tliat the plantsare Alga*, lliey may he eom pared with ,•»- 
I .s' SrJiiiituiiins ot (ioejipert, Irom the Silurian (Kta'^fe D.) otlhdiemia, 
tlioiiu'h they do not come tinder the technical detinition of Steinliere's 
-rials Sp/m niriiri ti, !<. 

Wludlier or not (dtlutr of tlio, altovtt bo truly rcfcrabli' to 
land-plants, [‘rofessor Loo Los(|uoronx has rt'ecntlv (h‘S( iili(‘(l 
I'loin deposits of Lower Silurian ;io,o 

(( 'inoinnati (!rou])), in North Anierio:i, x 

ivmains of ;i ])lant wliitdi ho considers 
Id bo rof(‘ral)l(t to a Sio;illarioid, and 
lh(‘rofor(‘ to bt' iindoiditt'dly torrt'st ritil. 
fliost' remains lat btis ndorrod to a 
special ,u(‘nus itnder tin* nanu' of /*/'o- 
>ns/l(finif ; and if bis (hderinination be 
eont'ct, Wit liaAo here not only tlie 
most iinciont undoubted land-pbiiits 
known, but also the proof that evmt 
at tin’s early iieriod the terrestrial 

' _ tn/ihi-- {':) UJinli it, nt 

vi'mdation was of tnivtliiny but a low tiu' lutiMia .size, i.nurrsiiu. 

, . , ,. . .. J ri.-m (Sl<i'l<t:(\v Slates) rf tllf 

order; since the >Sc////e/-/mux- wtier- ,,t iji-iana. (Ori-inai.) 

e\i‘r they may be ullinmttdy jdaci'd — 

ai’c iimpiestionablv hiyhiy specialistal types. 

In till' rp])er Silurian rocks are also numerous remains ol 
'■ f’ueoids ” (. / /7///V/yt/o/e/cs‘, J}h'/ K ol tft's, ilnhnl nh's^ S/n rniilnifdil , 
Ae,), whitdi do not differ in any important ]toint Iroin those 
of the inierior diN'ision. Some ot tliesi* c;iii hardly be aiiy- 
ihino but true ])lants, ami would certainly .seem to he the 
leiiiaiiis (d otmuiiK' Sea-weeds. Desides tln‘se. in man\ case.>, 
pi'oblemat ical fossils, boweyer, the I p]H'r Silurian roi ks ha\e 
lieen shown to contain the remains ot oenuine. land-]dants. 
Thus, ivmains of the I wcojmdiaeeous ovniis Lrpitluiii iuhvii 
iXoifinurii,) have been itiscovered in the I’ppm- Silurian of 
Germany and Dohemia. At the summit of the Lpimr Silii- 
I'ian serit's in Dritain have been detected nunu'rous set'd- 
vesstds or “ spoi’anohi ” reb'rred by Jfooker to a L}(op"*^*‘^ 
reous phint under the ovneric. title ol J\u‘/ii/(lu( ((. I.ustl} , 
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tlu' I'ppor Silurian of Xoi-tli Ainoriea lias yicldrul remains of 
tlu' charaoteristie Dovouiaii ; 4 eiius Psl/nii/i//fn)i , wliicli will I,,- 
(lesoribiul immediati'ly, logi'tlier with triu; Idaiis (I’elatiMl [n 
Xri/rnpfn-is), and two forms allied to the threat Devonian and 
( arhoiiiferous family of tlie ('alamites (namely, A/ijti/lann 
and Sphntojthfilhi ta). 

Dkvoxian 1 'lants. — -T he jdants of the Devonian period 
h(donn' to the !4ron])s of (lu! Ay// /.sv/oreo- (Horse-tails), A//r-^- 
y/n^Z/oee//' (( 'luh-inosses), Fl/Irrs (f’eriis), Si^illai'ioids, and Pmii- 
/'< /‘ir — tin' whoh' eonst itntin.L;' an al»undant lei ieslrial WLfeta 
tioii. Jlesidi's (lu* above, luovevi'r — as already meiitimnal 

— -the I’emains of a tiaie Anniospermous MxoLtt'ii arc* staled 

to have* 1)0011 in one instance (h*teel<*d in l)evonian stiala 

( 1 )awson). 

’Die Ay/z/s) Z//)7v/‘ are r(‘pi‘(*sented hv speei<*s of the reiiiark- 
ahh* ^('iiiis Pnju „i ihs, the (diaraotei's of wliicdi will lx; In iell v 
spoken of when treating’ of (In* ( 'oal-plaiits. 

'I In* Liicuiioil iiiiiir are i'epi’es(*nted hvtln* genera /ji'iiiihHlcii- 
• li'iiil, th LipfniililiiHiil^ 1,1 inilnjilildtnx^ and /k/Zop// ///))/). 

The Lepidodeiidroids will lx* siiortly dis/aissed under tin* head 
of tlu* plants of (he ( 'arhonileroiis series ; hut the ,eemi> 

I'.stldphijldti merits sp(*eial notice In-re. 

The i^cmis Psildjtli i/fnn of Dawson (liLf. h'd'd) eoninu*nees its 
(‘xisteinx* in the ('pp<‘i‘ Silurian rocks; hut it is eharaeter- 
istii ally I (evonian, and is not known to he represent<‘d in (he 
( 'arhoiiiferous jx-riod. Tlu* followim^- is ^iveii hy Dr Dawson 
as the (h'finition of tlu* e;(*nns ; — 

“ Steins hraiiehine; diehotomoiisly, and eovt-red with iii- 
teiaiiptecl I'idi^'es. Leaves rudimentary, or short, ri.i^id, und 
pointed ; in harreii stems, nnmerons and spirally ai'i'any<‘)l ; 
in lertih* stems and hj’anehlets, sparsely scattered or ahsent ; 
in deeortieat«*d specimens repi'escmh'd hy minute jmnetate 
sears. Voiine,- hraiudu*s cii'cinati*. ; rhi/omata, eylindi'ieah 
co\'ei'ed with hairs or rainenta, and haviii;.; eirenlai’ areoh-s 
irici^o daily disjx>sed, ^^ivin;.;’ orij^nn to slender e.ylindrieal root- 
lets. Internal striietnn* — an a.xis of seidariform vessels, 
surrounded hy a (cylinder of ])a.renehymatous cells, and 
hy an outer eylindm* of elonoated woody cells. lAaictili- 
cation consisting; of naked oval spore-cases, home usually 
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ill )):iirs on sIimkIov curved jiedicU's, eillu'r l:iter;il or tei- 
iiiiiinl.” 

Sjx'cii's ol iu-cuY i\]\ llirouLiil llu' Devonian sci-ics 

ol Xortli Anu'i’iea., aiul (liey are also not wanliny in tlie Old 
lo‘(l Saialstone oi liritain. 4'lie yoinis is regarded liv l)i' 
Dawsiiii as e(un])risiiin- “svntlielie or uvneralis(>d plaiits, liav- 
iiiy rlii/<niiala ri'soinliliny tliosii oi' sonu' I'eiais, steins IriviiiT 
the strin4iir(‘ ol Li/rojio,! i h in , and rudiiiiontarv lea\es also 
ivstoidtliiie' tlios(‘ ol Li/rniini/lart (t\ 1 iraiicldots with ciiviiialo 
\ criiat inn like llmt ol I’oriis, and sporangia of a tN pe (|uiif 
piM'uliar In t Innnsel ves. I lio ycnnsnis lias heini seini, he"'iii> 
111 the rpjier Silurian. 

I lie horns of tho Dovoiiiaii period arc veiy nuinerons. and 
iipnii tlio wlndt' ]»r(‘sont a clnso ri'sinnldain’e to those of the 
( ai'hoiiih'rons ja-rind. 'j'ho snialloi' roriiis are n-pivseiilod hv 
>indi u'oiiiM'a as ( [i/r!ni>lrris, Xm Sfilir/miifn'ls, J/rl/mii 
/'/VS, ! ti'ijifiris, A'o. Dosidi's thoso, hnwewr, there ooinir tlii‘ 
li'iinks (d' hirev 4'r(M‘d'<‘rns, which am ml'orrod to the ^eiiei'a 
nr S/rm mnfnj,/, ris. ris, and rro/ojif, ris. Siih- 

i'diiod is an illiistratinii <d a l'(.‘)'n Imni the I)(*\nniaii ol 
l‘airnp<‘ di'i. VlMl). 

I ho Snfil/n/ Kiiils of the Downiiaii series oninprise I'nniis 
I'ofoialdo tn ihe well-kiinwii eoiiora Snf tlln /'in (with Sf fifiiin I'nn 
and mn, lint, Iron, ; ihnnyh iho allinitic's oi'tho last are not 

widl iiin lorstnnd, J ho oharao|oi\s cd th(‘S(* ei'ina’a a\ i] 1 ho 
11 "! n od in Iroatinij^ <»! tin* plants (tl the t 'arhoiiilomns scries. 

Iho roniains oi i^nnjii'ir aro liy no nnnins nnknown in 
the Ilowmian I’noks, and \arinus yoiioi'io lv])os ol' this ni'onji 
aro ropivsontod. 4’ho two indiicipal , Leonora, of this p(*riod 
ai o ! iinlit.i jilnii and Oi'nin.i i/hm ^ hntli oi \\ lii(di a,r(‘ oxoooiioiis 
t roos with oninanit rio, rinys of yntwlh, tlndr woody tissue 
oxliihitiny “discs” nndor tho iiiioi’osonpo. Wh* may also 
place hoi'o the yojins l^rnfutii.iilrs fiiy. 7t)Ij, which is loiind 
ill tho Lower Downiian oi t'anada.and which is rcyardcil hv 
l’rinci])al Dawson as hoiny ( 'onifm'ons. 4’he trunks ol 
I'rnlotii nhs vary in diaTindor rr(»ni one to threi^ i'eet, and 
oxliihit (■oncontrio rinys oi yrnwth ; hut ils woody lihres have 
not yi't Ik'C'ii inoontostahly provo.d to possess discs. Mn 
t arriithors does not consider the ( .'onifeixins nature ol /Vo 
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si(l(‘rs tliat tho Jjifhnlif/u's is in i)art Umiuhd 

the spikes iA' if as also tlie <.-eniis Cartflovu rpon iip,,„ 

Us IVuit ; ^vliile the lalli-eylinders runii ]»art of (]h> ironns 
Niritlx'iyuiy and tiie genus Ihulo.njJon simply C()mj)nses its 
\v(i()dy ti'iiid<d 

In additimi to tlu' |.reeediiig t'orins. tlie iK'vonian rocks 
liave viel.led ('xam]»les of the fossils known as Stmihintl,, 



^ ^{sh I lUinln at ^ J^tn nnht ria , (Uh'diiH'm- 

/-///, and Tri<in„nniri>n,i. Of tliese, tlie neuus Sfn'Dhcrijui 
eoiii], rises cylindrical, transversely-marked fossils, whi(‘li me 
now known to he nothing more than the casts of the pilli 
<y]inde]s <.f other plants. They .seem childly to hidong h' 
<'nnifers of the genus /M/o,c///e// . hul ihity are leleralde also 
lo Sviilinna, and even to L^wfutlnuf ro,i. When the ]>lant 
to whiidi they Ixdong is itself jmeserved, there is jio dillicidly 

' Tlii.s i. -"'-'I iMst;,no‘ of i},,. <lilli,ulf i,.,s wl.icl, ,(t.*i,.l (l,i! slu.ly nt 
I’U.-ol.onu.y, of tl„. ..xt. nt to whi, ), H,,- Ik-,s 1, aull.nritios aic at varianr.- with 
oM. anothrr as to th.- t,,,.. natun- of evci. wi,l.-ly.,li,slril,n(('(l ^oon ra, aial of 
thr arpth of thr ot.s.-iinly wliich still ciivoloi.s many most im]»ortant foinls 
< oiino tcd with tlif .stMiflun- of fossil jiliinis. 
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ill reco^'iiisinjT the true nature of the Strrnhen/ia’ ; hut when 
(lu‘ out(M' wood lias been denuded, it lieeoiuea ahuost iiii- 
|)()s.sihle to determine to wliat ])lant tliey may have belon^UMl. 
The, ^eniis Ct/jx rifrs com]‘rises elon^uited linear leaves, which 
jippeer truly to be the leav(‘s of Sitfillaria'. The genus 
Asfrr<>j)/t/f/li/i’s (fig. 702) eomprises elegant phints with 
rilibed and jointed stems. The joints of the stems give oil 
V(‘rti('ils of hsives, oi* ia'anehlets bearing whorls of leaves, 
wliieli are narrow, elongated, and furnished with a single 
midrib. Aeeordiiig to .some authorities, As;frro/)Jn//litcs is 
ically founded u]>on the foliage of (Aularnitei^. The genus 
is not only found in the Devonian series, hut is com- 
monly re]»res(*nled in the Coal-measures, to which the spech's 
here ligured b(dongs. 

d'lie genus A n niihi I'id comprises phints which are ot douht- 
liil alliiiitii's, but whicli ]»ossessed slender stems bearing at 
intervals wboils of leaves, d li(‘ A ivnnld.ncf' a]>]H'ai' to base 
heen lloatiiig ])lants, and they occur in both the Devonian 
and (hirbonifei'ous formations. 



T1„3 fossils known ns Pi,nu,hn-hv nro slcmlov stom-lik.. 
i«.,li,.s, with n, smooth or slrinto snriaco. l>roihi.nno at nol.t 
a., Oh'S lo„o slomhT bran, ■hints. Tim .oonns rornnhum is 
ri'oaidiMl hy Dawson as 11011,0 I'onnih'il upon tho loo s o 

otimr plant's, snnh as or 

hasllv, wo li.nl i.. tho Dovoniau rooks tho httlo tin s 
known 'a.s C,rr,lior.,rpo,i. ami Ti-i'JommtqHm, wl.mh am - 
VOL. 11. 
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almiulant in the ( oal-ineasiires. Tlie Card'uH'arim a])|H-;ii 
mostly to have heen wiiiL^ed aelieiies or “ sa.maras ; ” l»uL ir 
is not alto^yetln'r eertain l)y what plants tliey were prodiireil. 
It is now known, liowevei-, that the so-ealled AnthnilHns 
eoiisists of a spik(‘, lu'ariny (/((ri/iorarjxf protectcal hy l»racts- 
and there is a eonsiderahle probahility that tliiw were pin- 
diieed hy Sii^illarioid trees. (P,,,,! 
authorities, however, reyard Ctin/in- 
as really helonyiiiy to ( 'onJa l/>s. 
TriifiHiindriXHi (liy. TO.’I) eoiiipiises 
nnt-Iike fruits, often of eoiisideriililc 
size, and <'onmionly three- or six- 
aiiyied. 'Jin* exterior of the hiiit wns 
prohahly fleshy, and wt*ll - piesei\'ed 
'>]teeiiiiens show tJie inteyiiiiKnits, and (he internal eavitv :tl 
• me lime filled hy tin* allmnien and einhrvo. 7’/ ‘iifiitiiii'ii /'jifiii 

is prohahly the ti iiit of a. ( 'onifcr, and it shows a deeiiled 
resemhihnna* to the solitary fiaiit of (he exist iiiy 'faxoid 
yeiiiis Nil ishii riti . I’ossihly, however. J)r 1 hiwson is eorrert 

in his eoiijtietiire that most of the T, nioiux'ii I'lXi hidoiiyed 
leallv to Siyillarioid plants. 



(. Hill- 111-, iMiivs. ' (Alt-r 

l.iii'll-y .III. I lluaHii.) 
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Tin-: rAIUlnXirKUnUS AMt PEIAMfAX I'UiIAiS. 

( AKi'.oMi'KKdi's I’l.ANTS.- - Tlu! iiio.st oxt(.‘)isive and the liest 
known of lli(‘ I’ahfo/oir Floras is that whiidi llouiislied dui- 
iau tin* ( 'arhonit'orons jioriod. At this time wca'a t'onni'd 
ilioso vast aoouninlal ions of vo^vtahh; matter whi(di we know 
:is iiiii/ ; and nimdi of onr intdiination as to the Cai’ltoni- 
ti'ions jdants is due to tie* \;dm‘ of coal, and to the vi^oiir 
witli which coal-niiniie^ lias hecn ])i'osecuted. 

Coal cDiisisls (.!' manly pure oarbon, with wirviii;,' proportions nt 
li\ ilrn;;iii aioi owj^oii aiid a small <piantity of miiu-ral inattor. Idio 
liilldw iii;^ all' tlir I'nio lusioiis an ivcil at by Dr Dawson as to tlie ininuto 
-t 1 iicl II I'o o|' coal : 1. ^riio so-calb‘<l “mineral charcoal” or “ molhi-r 

dial ” consists cbiclly of “ bast-tissiic or of elon,-;atc(l cells .lerived from 
iln‘ inner bark of Siiillluriif and Lcjihlodi’iidi'a . '2. besides the above, 

ilie mineral tdiarcoal contains in many instama-s scalaritorni tissue 
derived trom t'erns, Liiiiildilnidrtt, occ. A. 1 he coai'i* and 

iaiiiinatiMl portions of the coal are made ii]> of vascular bundles, derived 
ippaicntlv in th»‘ main from Ferns, ahmo with other veyeiable traenients, 
•Old in some cases, though not to a rtreat extent, the sporany;ia ot sonic of 
the ( 'arbonife-rous ( 'ry ploijams, 1. In many parts ol the coal occur dis- 
' i.aerous or punctated woody fibres, ludoie^iirn to Ihnla.njloii^ Smtlhi ria, 
■iiid Ai(!ttniiAfii(ln)ii. ■>. A considerable portion ot the coal is made up 
“1 “epidermal tissiu*,” which is “a dense cellular tissiu* representniL; the 
"liter inti'i^unieiits of various baivas, luu'baceons stems, and liiiit'. 
*'• 1 he lavers of bri'^ht shinin'^ coal are coni]»osed ot the tlatteiied stems, 
■uid cbielly of the bark, of and other trees. 7. Some la\eis 

'd coal are occasionally compost'd mainly of the. compressed lea\es ol 
'''"■d,n7rs. 8. Sporaii^da are often lU'csent in coal; but they rarely 

' xist ill such a proportion as to any e.xtent actuall) tit toim tin '-W'l 
Ibeiiiselves. In some of the FiiLtlish coals, however, the mass ol t u' 
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coal actually iiuulc up of the sporaiif^ia of Lycopodiacoous plnnts. 
'rile same thiii;^' is also occasionally seen in some shales, us, foi' exampK'. 
in the Mack shale of Keith* Point, on J^ake Huron, the a_L,a* itf wliich is 
Devonian. 'I'liis shale is si*en on inspection hy the unassisted vision to 
he dotted all over with minute hrown specks, which on a microscopir 
examination of thin slices (Hl;. 7t>4) are found to he the sjiherical spor- 
an<,da of some of the Liiroiiniliifi'itr of the Devonian, 'fhe mmiher nl 
these sporaie^ia present in the shale is enough to remler it comhust ihlf, 
with some ditticulty : hut it is not, of course, in any sense a true coal. 

As has 1 hm‘1i ahvmly oIisitn (mI, tin* types of ])laiits which 
an* reiiinl in the ( 'arlioiiileroiis reeks are te jt yivaf 

ideiitii'al witli lliose which coiii- 
jiosed t he novoiiiaii llora. S/>trl- 
however, the eoal-plants 
are alniosl always distiin-t from 
the I )(‘\ oiiian forins. Tlie iitiiii- 
her of i)lanls alreitdy known to 
liave existed dtirine; the (ar- 
honiferotis ].eriod is so or, .at, 
tliat nothino' more ean he done 
liere than to <lraw tlie attention 
of the student to some of tlie 
mort* important and cliaracter- 
istie tyjies. 

e. /V/ev'.s'.— The Fmais of the 
( arhoniferous ptn'iod are ex- 
tremely nnmeroiis, ami iiieliide lioth ht'rhaeeons forms like 
the majoi'ity of exist ino‘ species, and iirhoresei'iit forms sinii- 
lar to the livin'^; Tree-ferns of \ew Ze, aland. The latter 

hehnio to the o(>iiera roiini>i} (^(Uiloifh'ns, and I^dhruph'i’ix. 
of which the two former oeeiir in tin? older I)(‘Vonian period. 
t)f the smaller ferns, the ttenera. 

A! t f liiijit <: ris, ( hli)/if()j>h'i‘ix, AV/e/v>yy/r/'/.s', and 

( Ufi’liiplrrix may he mentioned as the most imjiortant tind 
widely distrihnted. In tlie o(;ntiH Nett rophrix 7ho) the 
midrih of the lealhds is eviineseeid, either not distinet, or 
disa])pearino; towtirds the tipex. Speci(*s of tliis guiiiis are 

' /V//'o///7/y appcjirs tu l»c tlie internal struelure of tin* steins of 'rrce-fcins, 
of which the genus St.ciiniutti>i,ttris is tin* e.xternal a.s[>ect. 
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loiiiul in tlie (‘onl-forniution over almost the. wliole world. 
Ill Alt’! h 01)1 (!' is llui lea (lets are aUaclied hy tlieir liases to 
llie stem and to oiui another, and are proN'ided with a very 
(li.stiiiet niiilril) from which the veins an; Riven oil' lUMirly at 
liRlit aiiRles. 'I'he commonest species is the cosmopoliLin 
Alitlioplvris {Pi'cupln'is) /onrhitico, wliicli nearly resemliles 




di(‘, liviiiR Ilrackmis (rims (Ojii i/iiio). Xcarl\ allied to 
■ \lrlh„i,t,rU is til.' f,'(‘inis /'-r-v'/- inoliulc'S ;i liu-e 
huiiiIrt ,,f ..lianirlcristic ( 'iirlicmilO'diis spirics. In ihloiito- 
/-'ow (lid 7(Mi) (111. |■|■nn(l is inniniUs llie IwilU'Is Ikmii"' 
.iUiicIuhI liy tlicir (’iiiin^ liases, anil tlie veins me ni ni i.ill.v 
mven oir tVoui (he hil.se. The speeies here tienveil is a 
wiilely-ilislrihiiteil nne, neeiirrin": in hoth Knrniie anil . ml i 
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Amovica. In tlie j»'onus Splienojiffn's, liu! loallots arc navrow 
towards their l>ases, often asaiiiniii^; a wt‘di;('-]ike form, tin* 
nervures dividing in a pinnate nianner from the base. 



tV'. tu*', - ri- S,hl<,tlu Cai l«'iiit('ruus df Kurnix- ntnl Nd tli Aiiii i ir:i. 

I.aslly, in the genus Jfi/iiitnnp/n/Hilcs tla^ IVond exliihits 
a gonoral I’esomblance to Spin nnpfcn^, lait tin* margin i> 
di\idt‘d into lobes, into each of wliich a single nei'vtirc is 
(■out iniH‘d. 

A, StiUiiniti'A. Amongst tlni commoiH'st and most charac- 
teristic of the jdaiits of the ( ’arl)Oniferons ]>ei iod are the 
st riated fossils which ar(* known as C((i((iii Ih s. Long as 
the<c ha\-c been known, and carefully as they hav(^ hecii 
studied, thei'e is still no nnanimity of opinion as to the 
allliiilies of these plants. It is now, liowiiA’cr, generally ah 
mitted that the (n/ln ntifrs nw truly referable to th«‘ Kijii i^r/finv 
and that they may be regarded as gigantic I loi'se-tails 
though they diffc’.r in many respeads from any existing forms. 
The C((/niiilfrs w(*i‘(' “slender, riljbed, and jointed externally, 
and from the joints there proce<*ded, in some of tlu^ species, 
long, iiari-ow, simple bi-anc.hlels ; and, in otluirs, branches 
healing whorls of small branchless or ludimentary leaves 
The stem was hollow, with thin transverse lloors or dia 
jfhragms at the joints, and it had no trm; wood and l»ark, 
but only a thin external shell of lilmes and scalariform vessels 
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(Dawson, Acadian (Icoloiry, p. 441). Jlcsides tlio true 
till* (’aii)onifcrous rocks liave also vii-ldi'd Uk. 
remains of the grains Etjifiscdfrs, which ditfered IVom the 
(/d/aiiiifrs, and a.^rees with the i*\istiiio- Horse-tails in haviic- 
shiaiths at the joints. 

( alamites often attain a comparativedy itittantio si/e 

twenty feet or iimre in lentttli; and thoUL^h they ^enendlv 
occur as ])ri»s(rate and llattmied stems, they are not uncoia- 
inouly loiiiid 111 an lui'ct and nneompressed coiulilioii, stand- 
ing as they yrew. Tin* fossils known as .tsir/vi>Ii//ll ifrs have 
liccn rclerri'tl to ( 'nht nnfrs, ol‘ which thev an* somcliiiu's 
su|t[)osiMl to constitute the foliani'.; hut this opinion is net 
acceptctl hy jiiyh ant lioriti(‘s. 

c. (dldiiimli ihlntn- A oood deal (d‘ the coiiliision whicli 
h;is prevailed as to tlu' true nature of ( dhnuihs ap])cars to 
lia\e arisen out (d‘ tin* nneertainty winch has loiiy prevailed 
as t(. the tino nalnrc <.f tin* ).nd.hmiatic fossils now ^lai- 
crally I'eh'ri'cd to tin* ycniis ( nitnhiiil I'dii. ;\s ordinarih' 

toiiiid, (dlitiiind, itilra present themselves in the. forin of 
,I"iiiled and lonnitndiiially-rilihed cyliinirieal stems, wliadi are 
iiai'dly si'parahle ti-om ^ oAo// //e\, (*xcept that the\’ show no 
ai'e(d(‘S, or pdints whence* leavi's oi' hranehlets ha\e hi'cii 
,~’' *‘** ‘dl. I' I'om the examination, however, ol conipleti' 
speciiiieiis. it has heeii shown that ( dhuintdi nd rtm , as thus 
i'oi)>l it nte( I. is really iiothiiivt more than the (.aist id' the ]>ilh 
<’!■ iiK'didlary cavity ol a comjdex woody stmn, thus ri'seiie 
idiiiy in its nainrt* the fossils known as Shrnht rijdi. lloinid 
the internal axis thus eoiistitnled there is lonnd in perh'ct 
thi(d< woody env('lo|ie, composed (d‘ lie,neous 
wedi^es ai'iaiiyi'rl concentrically and sepai'ated hy inteiveinny 
tracts of eellnlar tissue for “ mednllary lays”). The ex- 
ternal snriaee ol (he, stem is not known, hnt tlni woody 
wedyes ale statial to consist of “ (doii^tated cells, and jioroiis, 
diseiym'oiis, or jiseiido-sealariforni tissue.” The allinities ol 
( iflu iiioth lid ron aie niieertaiii. It is reLtaiahsl hy different 
authorities as helon^in;;’ to lln; (ly mnospermons lvxot;ens or 
to the Aerovteiis, or as a lamnectin;^^ foian hetween thi'sc 
oioups. I jHui the ahove view, it is necessary to distinguish 
very care! idly lietween ( ddauujdnul run and (Add nvUc^, the 
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latter beiii.*,^ cleai-ly separated by the aljsence of a woody 
(•iiv(d()])(;, and the presence of whorled halves or branchlets 
at the artienlations of the stein. 

On the other hand, it must lx; said tliat extremely stronu; 
('videnee lias been bron_e;ht forward to show that there is no 
n-al distinetion betwcxni C((lf(tinfrs and Caluviodniilroii, but 
that the two are siinjdy dilferent sUites of ])re.servation of 
the saiiK' ]dant. This view is sn])]xjited strongly by Pro- 
fessor AVilliainson, one of the alilest ol‘ living pala-obotanists, 
who holds that tlu; supjiosed absenei; of a woody mivelope 
ill C(d(fiin(rs is simply due to tlu* fact that in c('rtain speei- 
jiieiis, and in certain dejiosits, this structure has lieen de- 
si roved ])rior to ordinary fossilisation, whereas in otliers it 
has Ix'en ])rest‘rv(;d. Considerinj;’ how often tlie internal 
structure of the C’arboniferous plants has been di'stroyed 
huriiej; mineralisation, and how comparatively sehlom it has 
lieen retaiiu'd, then* is much to lx* said for the correetiu'ss 
'4 this vii'w. 

d. Lrpidodi'tid rouh . — I luh*!' this head we have to eoii- 
sidiT the u'miera, J.rpldodt iidroii and Liiddd/ddiiuis, u'enerally 
leyardi'd as giyantic extinct members of the (’lub-nioss family 
Lif'ojxid Tlie genus Lffddvdi/id roii (lig. TbS) com- 
prises nnmeroiis large arbori’seeiit plants, which attain their 
uiaximum in tlu; Cariioniferoiis period, but which appear to 
coimiieiice in the ri»[X'r Siluiaan, a.nd are well n-pivseiittal 
ill the Devonian. Tlie trunk in sonu* casi's reaeluxl a length 
"1 lil'ty feet oi' nutre, and the branches ai’i* given oil in a. 
legular, bifurcating manner, d'he bark is marked wilh nii- 
iiierous rhombic or oval scars, arrangi'd in (piineiinx order, 
and indicating the ]x)ints when; leaves wi;re iormerly at- 
tached. riie branclu's were covenid with sh'iuler, ])ointi‘d 
leaves, closely crowdi'd togetlu'r; and the Irimt iticatioii was 
carried at the ends of the branches in the form of cones or 
d'ikes. These cones liavi; generally been ileserilied uiidei- 
the nann; of Lr/rldnsf rohi ; and they eonsist ot a. central axi>, 
^ini'ounded by imbricated scales or liracts, (‘uch ot which sup- 
I'crts a sporangium or s)x»re-case. 

Ill iiituriiarstnictiins Lr/iliMnidron luissosscs ii larnc ceii- 
•iiil pitli, sumiuudcd liy ii l■(llltimlo^ls .slioiilli of scaliuiloriii 
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LvcoyHxlinceoiis lives wliicli liave lliie.k liranclies, trans- 
versely-elon;j;ate(l leal-scnrs, eaeli with tliree vascular points, 
and jdaced on (de.vated or scale-like ])rotul)eran('('s, lontj, one- 
nerved leaves, and lare;(‘ lateral stroliiles in vertical rows or 
siiii'ally (lisjxised” (Dawson). 

r. Slffil/tu'ioids. — 'Idle tlirc'e. cliief pvnera inelud(Ml under 
this liead ari', Sl!fiJh(ri(f, lih ffi/uhtU'pix, and FaniJurio, of wliieli 
tlie lirst is tin; most important. The Sij^illarioids commence 
tlicir existence, so far as known, in tlie Idevonian period, hnt 
tli('V attain tlieir maximum in tlie ( ’arhonii’ermis ; and— un- 
like the Li'pidodendroids — tliey are not known to occur in 
the IVrmian |)ei'iod. They are com)taratively yii;'iintic in 
si/r, often attainini^' a hm’yht id’ from thirty to lifty fcid or 
nion* ; hut thonn'li ahnndant and well pieserved, j^nsit diver- 
er-nci! of opinion ])revails as to their tnu' atlinities. The vmiir 
(if Siyillarioids (Lat. sii/U/x, little seals or imauvs) is derived 
lidin till' fact that tin* hark is marked witli siad-like im|)res- 
sions oi- leal'-scars (liy. 7h9). 

Acc'ordiny to 1 )awson, Ne////ec/e inviieris distinguished hy 
its stromg rihs, “ which are usually much hroader than tlu* 



I'V. 7(0. !M-.K.ncnt of Si.jin.n. ri. Tin- lrft-ha>..l l( 0 ..r si., ms small 

poitioii I’MiboiuliTous. 

"Val or (dlii)tical triimnctale areoles, and are striated hmgi- 
hidinally.” d’he stem consists ol a central ])ith, v u( i c 
tiaiisversfdy partitioned, as in the so-called Sti'rnhnyHi. u 
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pitli is siirnnuuliHl Ity ii woody cyliiKler, coiisistiiiL;- of 
(lus wod^i's, coni])osiHl of |)UHot;iU‘d (disoiooroiis) and S{‘iiliiri- 
foi'iii vossols, and so])aratod by inodullary rays. Outside tlie 
woody axis is an inner l>ark eoinpitsed of lon;^ duraldi' liluvs 
of “ bast-tissut\" llie wliole siin-ouiided liy a tliic'k outer baik 
of dense eellnlai' tissue. “The triiidv wlieii old lost its it'^ular 
ribs and sears, owiiij.; (o e.xpaiision, and bec-aine furrowed like 
that of an kxo^(‘nous inae” The roots, as will lx; seen iiii- 
nuuliately, constitute the fo.ssils known as S( iijiiKt rid . The 
lea\es ai'e belie\e<l to be tin*, so-called 0//y;e/‘/7e,s', Ioiil:', nariow, 
rii^id, ami two- or three- nerved. The; fruits are. supjtosial to 
be Triifidiorit rjid , “borne in racemes on the ujjper pait of the 
stein.” I jion the whole. 1 h’ Oawsoii is disposed to adopt 
the vi(*w, orii^inally ]iut forth by T.roneniart, that the >%//- 
/drill liml their nearest li\iip: 4 ' allies in the ('ycads and that 
if not aetually referable to tin* ( ly niiiospeiinoiis Kxoeciis, 
llifV may be intmiiiediato betwc'en these ami the hiylH'i' 
Acr< lyeiis. 

^(r < 'ari uthers, on the other hand, deserihes AV///7/e/'e/ as 
eoiisisliiiLf of a cent ml (adlnlar pith or meilulla, suri'oiiiuled 
hy a sla.'ath eon>i.'«tine wholly of scalariform \'essels, the wlmhi 
enveloped in ail (‘Xternal c<»rti(‘al mass of eidlnlai’ tissue, 
file medullaiy sheath is perlorate(l by meshes for the. pas- 
saee outwards of tin.* vaseiilar bundles which uo to the axial 
appemhiuc.s fthe lea\'(‘s and brancln*Sy; but there are no ti'iic 
inedidlarv rays. rp'>ti lliese grounds, Mr ( ’anaithers decides 
against the vic-w that Siiji//drid is a. ( lyninos|)ei nious kxo,i;en, 
and he regards it as (Typto;^amic and I Aeopodimeous. He 
also di.^eiedits the asserti<m that di.sei^erous tissue is present, 
and de.-eiihes the IVnil as consist iiptr’ of cones or sli'ohili‘S. 

Lea\ni '4 the b(»tanieal position of i^d/il/drid thus undecided, 
W(' liml that it is now almost universally conceded that tlie 
fossils ori:j,inally descidbed under the name of S/i;/iii«i‘i" 
the /‘dd/.s ot SdjiHd rid^ the actual connm’tion between the. t\\<> 
having lieen in numerous instances demonstrated in an 
mistakable. inaiim-j’. 'I'he S/ii/nidrhr (ti;.;. 7 I (t j ordimirily pi'*'' 
sent thems(dve.s in the form (jf loii;^, com]U'essed or rounded 
fraenie.nts, the ('xteimal surfaia* of which is covered with 
inunded pits or shallow tubercles, each of which has a little 
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|)it or de])r(‘Ssioii \u its centre. From (‘.Jieli ol‘ tliese pits tlien' 
jiro(‘e('(ls, ill jx'rtect ('xjimjiles, a Ioul^ eyliii<lri(‘Jil rootlet; l)iit 
ill iimny casi's th(*se have altoifether (lisaj)peare<l. In its in- 
iernal stru(4ure, Sfif/iiurria exliiliits a central ])ith surrounded 
1)V a sluaith o! scalariform vessels, the whole enclosed in a 



Kiv. 710. Sliiiiiiiirl'i lii-oiih line I'lmitli I'Mlir natural si/r. (.'.•irliuiiilcroU';, 


icllular env(do])(\ The Sli'jmx ri<t' are pvnerally thuiid ranii- 
hiiie,' in tlu' “ underelay,” which forms the lloor ot a hed ot 
(■ii;il, and which repi’csents tlu* anciiuit soil upon vhich the 
rm' cirew. 

Of the remaining oemu-a of tlu* Siyillarioids, is 

till' most important. It is characleristal hy the posst'ssion of 
liu-e, lit'xaomnal, lri])unetate areoh's, and narrow, often trans- 
versely striatt- rihs. In /mru/n/-e/, lastly, the smaller hranclu's 
Wert' di'stitute of rihs, with tdliptical, spirall\ -disposed areoh's. 
Tilt' stem hranclu'd dichotonuaisly— like' that of a Ljwh.lnt- 
'//■o//— iiml the leaves were hrotid, with numert.iis parallel 
Veins, a])])ro\iinatino to the leaves ol 

/; — T'nu' ( ’onifers have' lono- lu'en known to occur 

in till' ( 'arhonifei’ous rocks. lhe*y he'lono to tin, ue iu ia 
Pithrariilon, Aravnrno.ruUui, anti /’/y/hc.s. '1 law 

iire recoonist'd hy the .ureal size and concentric rin.-s of tlu'ir 
piostrate', rarely e'rect trunks, and hy the fact that the micro- 
seopc exhihits jmnetated lihres in tlu'ir wood. l lu ii tniit i 
unknown, unless, as is verv prohahle, it is constituted by the 
^^o-calh'tl Trluonovarpa. If lhi« the case, the Farhoniter- 
"us (kmife'rs must have been “ Laxoid, lesemhlinu 
^ ews in producino; berries instead ol tine eonis. 
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called Shriihrr;/I(t\‘d>i has been already ])oiut(‘d out, are “|»illi- 
cyliuders,” or, in oilier words, easts ol‘ the ]iith, of iMalo.rtilun. 
They a[i[)ear, liowever, to heloni^’ also to and Lcin- 

dophloiox. 

If. tn'iiihtiiii. 'riie ])(*euliar ^ronp of < lyniiiospei'inoiis 
Kxnneiis i('])resented at the jnesi’iit day hy the Cycads is 
not known with certainty to he re|tresent('d in the ('ailmn- 
iteroiis rocks. tfffrriifli ik lias lu'cii rehared here, and llic 

( 'veadaeeoiis i4(‘nus Ph rofiJiijllii iii has also liei'li alleged to 
oeeiir. Ih'on^niart has also conjectureil that the Siifil/urlnlds 
are in I’eality most nearly allied to the t //fvoAev/r ; and this 
Opinion is siipporti'd liy other hieih authorities. 

//. A iiiji<>sprniu>n.'< liinifins. The oeeiirreiiee ol true Anyie 
sperms in tin? (.'arhoniferoiis period is very donhtlnl. Xe 
Kxooeiious wood which is not ('oniferons has Ixm-ii as vtt 
detected. The fossd known as Anfliiiliilus^ which was at one 
time conjectured to he possibly tin* intloivscein'e of an Aii- 
;4iosperm, has now luam shown to he I'eally a, I'ataane licariiic 
the iViiit termed ( nl iitniriKi/i ; and it remains uncertain to 
what plant this riadly helonys. 

i. Miihix'dI ifh'iliiiis. — The occurrence of ltndou,ens in llii; 

( 'oal-formation is also attmided with sonu? nncmlainty. Tla* 
'^eiius Snififi'i'iiihiK has sometimes been referrt‘d to the, rahiis, 
and the same, orou]) has been as.serted to bi^ rejiivsmiLed ly 
Species of J*ii} munhs. The curious twisted bodies releri'cil to 
the eenii-^’ Sji/nniffiin/i are sup]>o.sed to be. the IVnits of .lAe/r/- 
njf ifhiliiiis, but their true iiatnri; is uncertain, d'he only ap 
parently niieipiivocal proof of the occurrence of (AiiTonil'eious 
hndot^’eiis is, however, alfordeil by tlu; so-called l^ndiurihx, 
which a])p(;ars t<» have Inam thi! sjiadix of an Aroideous jdaiil ; 
but even this determination is n(»t tree from doidit. 

I’KiiMiA.x Tt>.\NTS. — The I’ermian blora is, upon tlu! whole, 
very nearly allied to that of the Coal-measures, thouyh the 
Permian s))e<des arc mostly distinct, and thei’c ar(‘ sonu; new 
oeaiera. Thus, we lind sjiecie.s of Lrfrli/ix/ind nni , CoAo/rArN, 
Pqi/isrhfr.s, . isfi riifdi/f/lifi’s, Annifliirlif, An*. — all p;enera which 
arc highly charactcristiii of the ( arbonileroiis ])cii( hI. Ontli.' 
other hand, the Siojlhirioids of the Coal aj)]>ear to havi' linallv 
passed away with the close* of the Carboniferous piU'iod. 
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Ferns are a])Uiidcint in the Perniian reeks, and heloiij^- for 
llie niest part to tlie \\adl-kn()wn (Jarheniferens genera vl/r///(/- 
Xnirujflt’i'is, SjihriwplrriSj iu\i[ l^'cojytcris. Tliere are alst 
Tree-lerns relerable to the genus Fmroiiitts. The siiigulai 
^eiins XdfjijrntfliMt (lig. 711) is representiul in the F(;rnnan 
;iiid is sin»posed, with more or less ])rohal)ilit3’', to he a Cyead 
acfoiis ])lant. It has pinnatii hiaves, witli eiiiieiform leal- 
lets, the, venation of whieh resemhle.s that of some Fyeads. 

'I'iie Conifers of the I’ermian period are numerous, am 


leloii"' in ])art to ('arhoniferous genera. A eharaeteris le 
tenuOu.wever, is irMla (tig. 7 12), distinguished hy its lax 
U-avos. 'I’liis I'cims, llaaigli la.t oxclusivay IVM-niian, i.s 
iiiiiinly s(i till', li(«t,-kiui\vn sjua-ias Infill; Hk* H . jiniijin mi 
ll.'r,.,'aIso, w« meot witli "-Irn'Ii d'y '-J'lp 

iin.l wliicli .Hirer, tlierer.-iv, in an innu.rtaut resiie.it Irom u. 
I’axeid e.init'era nl' tlio Coal-ineasmei). Oiu. o I'e 
.■l,ura,iteri«lie of tliese is the Ullmania ^Imjuwid.:^, wind. 
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( MI A PTE It LIE 

(>F the SE('i>yiK[UV AEH TEUriAVY 

eei : eh > s . 

Tkiassic Tlants.- With the Trijis wu i'miiiiikmici! wliiit Ims 

liucn iiptly trniH‘(l the "Aye uf t’ve:i<ls,'’ I'nnii the piedoini- 
iiaiiee of the ]>hiiits of this yrouj) in the Mesozoic, vegetation. 
The ( 'vends are a groii}) (»l' ( iynniosjKainoiis lAxogens, tin' 
fiii'in and liahii of growth id’ wldcli presiait considerahle ri‘- 
''Cinhlanee to those of yonng Palms (lig. 71’>). llie tj'iink is 
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'inhianelied. often shorteiKMl, and luairing a crown of pninate 
hniids. The halves aiv. iisnally “ circiiiate that is, tlaw 
"iiroll in exiianding, like the fronds of Kerns. The ovules 
'"'e home niton th(‘ edge of altered leaves, or aie (.uii'h 
>he scah's of a cone. All the existing s])eeies of t'yeads are 
'■idives (tf Avarin count rii's, occurring in South Ann lii t a 
Vni,. II. - 
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of iiTiiiH'rons plants, Taaiiy of wliicli bclono- to existing ^a^nerii. 
Aiiioitust tli(‘S(‘ may bo inoiilioiiod Tiilip-troos [Liruulnulroti), 
Siissafi’as (ti^. ( )aks {Qucrntii)^ liooclu's (/O/^^/y/.v), lOam'- 

iri'cs {]*l(ihi nvs)^ AMfi's (.■l/y/y/.s), 1 )ol;--\voo( 1 (0V>/ao/-s), Willows 
{Sii/i.r), l‘i)]ilars (P()j)Hhis), (’y]>r(‘sses (Ciijurssifs), Eald bv- 
jii'i'sscs {Tti.rinl ill m), Alaynobas, Aa*. Eosirlos tlioso, Iiowonov, 
llici'o (»c(*nr otlier forms wbiob liav<‘ now entirely disap])eared 
fi'om North Amoriea — as, Ibr (‘xaniple, sj)eeies ol' (■iniinmo- 
iiiHjii ami A I'din'ii I'lti . 



Till' 111,, si iiniMirlaiit jilniil -iviiiiiiiis nl' tin' Aiiicncini * ir- 

n„'ks liiivc, liiiw.'vcr, lu'cii (ililiiinnl fnnii ii lyniiirk- 
A'li'si'i'icsiir linis liiiinvii an Hu- “ ir l•'.lrlllatiml,” wliirli 

S lar-cly ill ill'' ’Wi'slt'rii 'ir U'a'Tv Miainlaiii 

"‘"i'lii. and till' ]ir('cisi' yi'nloaii'a! ]iiisiliiiii "I wliii'li lias l"'ii 
a siihji.rt, „r ST,.„| ,.„iiln,v.'i'sv,aii'l is still lliis,'ltl''.l. In t'"' 
•'M Wnrld, A is w'll kii'iwii, llu'V is a .yrcal Im'ak l>i'lM''i'n 
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till' (’ivta(‘(“()us and the* luwi'st Tialiary si'diiiKaits--- 

a bivak inaikt'd nut only by a nnivcrsal nnconrorniity, l)iit 
also bv a yivat olian^e in (bo obaraoLoristic I'anna of (be Iwo 
doposits. On (lie otbor hand, in Xortb Aniorioa tho. liii;lu‘sL 
un»[Uostion(M] ( ’rotacoons bods (tlio inarino doj>osils ol’ tluj 
Fox-11 ills Liroupj aro snocoodial by a uroaL sorios of stiiitin 
woll known as llio Fort I’nion <tr Oroal Li; 4 ni(o sorios, the 
trno straliyiapbioal ))ositiun of which has b(*on the siihjool 
of niiioh disjiut(‘. Thoso doposits consist ol nearly four 
thousand toot ot sandstoiios, shales, and bods ol li| 4 iiilo, 
which rest (piito conformably upon the uiuiuost ioiioil ( 'le- 
laoooiis deposits oi tlnr fox-Hilfs oroiip below, and which 
aro succeeded uiiconforniably by nmpiostioned lieds ol' Tei- 
liary aye. In their lower |>ortion they contain a iiiiiiihei 
of marine oi'yaiiic remains, but those yiudiially ilisajipear as 
wo ascend in the series, and its upper jioilioii is yeiierally 
eharaet(‘!'isod by the remains ol' land and licsh-w atcr shells, 
assoeiaUal with a \ast abundance of \'eyctable fossils, chielly 
of the nalui’o of detachoil I )icoty ledonoiis leaves. The tlil- 
licnltv' (jf the pi'oblem as to the real aye <4 this yieat ami 
remarkable deposit arises (diielly IVoiii the fact lhal its niai'iiie 
fossils are fundamentally of a t'relaceous type, whilst the 
remains of plants have an e(|ually <listinct 'feitiaiy tacies, 
d ims we lind sindi (diaracteristic ( 'ielac(‘oiis Molliisca iis 
I iKHi III A m nioii it I ami Jluriihfis^ with uni[nestionahlc 

1 tiiiosaui'ians lAli/nt/m n //iiis\^ sidt; by side with a liixiiiiiiut 
lloia. of an essentially d'eitiaiv aspect, coniprisiny smdi nimb 
ei n yeiieia as tjm I’nis, ^ lrr/\ /‘njiiiliis, ( Mm'iis, Linji'^, 

fl II ifl II ii Ahiiis^ fVev///cs, ///',/■, l*liifii n ux, J'’iiiix, ( 'nnin iiiinii i^ ■ 
SiHilii.r^ Lnurux^ Jt/nnn/ins, Mui/iiu! in , lAii'n/i/j'f H'l, I In' A' 
Ai'ijiiiitii , Ahn's^ Tn I'Diliii m , Snhnl, Ac. Whilst this assocM' 
tion of ( detaceous animals with d\;rtiary j»lan(s is undoiihtcd, 
muidi difference, of opinion obtains as to how it ouyht to he 
intei'picteil. On the <m(; liaiid, hiyh aiil hoiities, sindi us 1 h' 
Heer, and Frofessors la‘S(piereu.\ and I tana, ari^ ol opinion 
that the jdaiits ouyht to carry the day, and that (hi^ Fiyiiiti* 
Oj’oiip ouyht to be c(Misidere<l as tin; base ot the lcrlmi.\ 
seric'S. On the othei- hand, e([nally hiyh authorities, sm h im 
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Nfri'k, llay4t“ii, Copti, aiul Stavcnson, are of opinion that tlie 
t'anna earries more weijylii tliaii the llora, and that the Fort 
I'nion or Li^nitie s(‘ri(‘s should he regarded as truly thi; 
suinniit of th(‘. ( 'retaci'ous. 4o this view Frot. Newhiaiy, 
who is in th(‘ rare ])Osition of having attained almost eipial 
cinimmee in Fala-ozoology and Faheohotany, givi'S his ad- 
lu-sion ; and it is to he considered as in every ]'es])ect the 
iiiMSl prohalih'. view, if we take into account the tact that 
the disputed series is adinittcally overlain ii neon forma I dy hy 
<lrala of undoul)t(*d derliarv ag<‘. I pon the whole, then, 
when W(‘ lake into eonsideral ion the general unreliahility of 


terrestrial nr fresh-water Alnllusea as tests of age, and also 
the often unsatisfactory nature of stratigraphical conclusions 
based upon vegvtahle remains oidy, W(‘ can hardly avoid^ 
;irri\ing at the. opininii that tlie Frcat Fignitic sm'ies ()1 
Xoith America is Irulv ('retacemis, though ])rohahly <»t a 
later date than any nf 'the rei-ognised Cretaceous deposits of 

tlie ( >1(1 Whnld. ^ 

Adiiiiltiii- tliiit ill!' ■' l,i:4iiilic' FoiiiuiUoii ” ot WesU'ni 
Nuvlli Aiiurica is (nily v( ('rrliiirous ayv, it lullnws Uiat 
Ihr Lowe.r and I'l'l'ai' ' ivtamuis nnks arc, I'riaii a lictaim-a 
,,n,ui „r vi,.w, sharply .separated IVui,. one anutlier lo 
haheo/eie p.ai.«l. as w,. have seen, is eharaelerised hy Oc 
pre\ah.nee O' ■' hi. m erless ■■ plants Us hieiei 

vi.yetaliiiii e.ilisistiliy ahiinst (.\idusively "I * nnihls. a 
Mhu/,,,ie i...ri.«h as a wlnde, is eiiavaeleri.se.l hy tl,.' |.re\a- 

l,.,„.,.„riheCrypl..yan,ieer..npnl lhe |.Vrns, an.Mhe < 

speriiiii' yr.aips .il' the ('..nilers and Ihe < ><.a I ^ 

i l.is.. Ilf the l.iiwer ( 'relaceens. no Anyaispi'inaiiis 

are ..ertainlv known to have evisleil, and ^ , .1 

plants or hanlo-ens are vry poorly repi'g"*''' • ' ' , 

I,,, paeons, however, a new era .d plantdil,;, ol win. 

onr resent is hnt. the enlnnnati.m, eomnwn.v.l, with a y 
an.l appan.ntlv snd.l.a, .levehipnient of new lor, ns. 1 - 

.,r ,he'he,.ns, t'vea.ls, and Con.le.'s of the earhe,- 1 o 
.1. posits, we have now an aslonishinylv hng ; 

A„,,i.,spern,ons hxoyens, n.any of then, helonyany ' . 

tvpes; and alon.y w,th these a.'e va,-,ons Alonoeot.v hdon, u 
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])lants, tlie first ('xaniplos of llio _L;'roat and in^ 

j)i>rtaiit uroiiji of tin' I’alins. It is thus a matter of interest 
to retlect tliat ]»lants closely ndated to those now inhaliitinn 
tiie ('arth, in (‘xistenee at a, time wlieii tlie oeiaui w;is 
tenanted liy Annnoniti-s and ludi-mnites, and whim land and 
sea and air were peophal I»y tin* extraordinary ('xtinet lap- 
tiles of“ till- i\resozoie period. 

IvH'i'Ni: I'l.AN'l's.- The ]ilants of the Moeeiie ])eriod ap- 
pioximate on tin* whole to the exislimt \i‘pelation ol‘ tlie 
earth. They are, howevm', in the main most idosely allied 
t" forms whiidi now are found in trnjiieal oi’ siih-tropieal 
regions. In the i.ondoii Clay oeenr 
nuniei'ous fruits of I'alms ( Xlimi/ih^, 

I " Jdiyland at tin* eommeiieimnmt ol‘ lln^ 

\ Moeime perioil. In the Moeeiie strata 

IV 71m nolia, einnamoii, li^-, do^-wood, nia]ili‘, 

i.Mii'i..,, ei.i\ ..r .Ni,, |,. liicPnry, j»o]>hii-, ])lane-tiv(‘s. \-e. I'peii 
the whole, the Moeelie tloia of Tsoi'tli 
.\ineriea is nearly related to that of the Mioeime strata ot 
I'jii'iipe. as Well as to that now existing in the Anierieaii 
aiva. W'e may eoiielude, ihei'efore, (hat “the foivsts (d the 
.\nielieaii Moeeiie reseinhleil those of (hi* I'hllopeali Miocene, 
and e\eii (d‘ modern America ” (l)aiia). 

.Mlo( KXK lh,A.\Ts. — The deposits of the Miocene ]»erio(l 
lia\ i‘ yiidded an ext |•aordinarily lar^e numhei' of jilants, oidy 
a few of the nioi-e important of whicli can he indicated lieiv. 
()iii' child’ sources of infoianatioii as to (he vegetation ol the 
Mioeeiie pei iod are derived from (lie Crown ( 'oals of ( Jeiinanv 
and i\ list I ia, the Lower and Cpjier Molasse id Switzerland, 
and the Miocene sti'ata of tlie Arctic reuions. Tlii! liynites 
of Austria have yielded very numerous plant-remains, chiellv 
ot a ti'ojiical charaider ; one of (he most iioticealile loriiis 
lieine ii I'iilni of the eiuius Sulxil (lig. 720, n), now loiind in 
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AiiK'i'ica. 31i(‘ Fl:nits of tin* Lower Miocene of Swit/erlniifl 
are also mostly of a Irojacal eliaraeter, Lul inelmh* several 
i'orms now fonml m Kortli America, siieli as a Tiilip-lree 
{J/irioileiul nni) ami a (\v])ress {Taxodiu m). Amoiiyst the 
more la'inarkaLle foians fi‘om tlu'se Leds may Le mentioned 
10111-1 'alms tin-. 720, A), munerons tropi(>al I'enis. 



le strata of ll'Aey 


iSiitdiir), I’alms, ('vj'ivsses. Ac. 

hi hiitain, tlio l.ower Miom-iu' ( L<" 

Tnicv liiivc yicKIccI iviiiiiiiis ol' IVriis, \ iiics, I ly, ( inii.nntm 
I'r, , I, Xc., iiloii- willi Iiiiiiicroiis I '.niil.'is 1 i.' iih'> 

al,„,„h,„l .,rth..s,.l.sl 

is v,TV lu-in-ly O Uie liuyv ( 0"" ' - 

O.il';-0 1,as a,..,0..a in .1- loar-lsO ol Anlt.n, n, 

tile, llcLriiles. ,, \v,air 

111 Civontaiia, ii.s xvoll as in ollior ]iaits ol 
iv-iciis, Mid, •one sirata liavo Ih'oii ilisoovena ■» ' > 
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\ ii44f(l a uivat iiumbrr o\' plants, many uf wliidi aif, 
identical willi s]K*eies Innnd in the luiroja'an Miocmie. 
Ainonyst tliesr jilants are. i'onnd many tr(‘cs, siicli as ( (iiiiha's 
beei-lies, oaks, ma[»lrs, plane-trees, M-alnuts, mayimlias, ^ke., 



with iiiiiiicrous sIiiiiIk, reins, and niher smallei' ])1;iiils. 
With n-yaiil to tin* Aliocciie Hera of tin* Ai'ctic regions. Sir 
('hallos Lyell ivmarks that ''more than ihiily sperics of 
( 'o!iirel;e haVo heeii foiind, illollKliliy seV(‘r;d Seipioias (lllljcd 
to tlio L;i^aiilio W elliii'^loiiia of ( 'alifornia ,,, with s|K‘cii‘S of 
'I'll ninjisis and Sii/ /■'•/iif rill , now pocidiar to .lapaii. Tlieiv :iii' 
al-'O heeehos, oaks, plaiios, poplai's, imiplos, walnuts, liliios, 
;ind o\-eii a iiiaLtiiolia, two l•ont‘s of whidi ha\(‘ ivcoiilly heoii 
oiitaiiied, pi-oviny that this splendid evoruivoii not only li\t'd 
Imt iipoiied its fruit wiihin tin* Aivlie circle. Many of the 
limes, planes, ami oaks were laiyc-lea ved sjiccics ; and hotli 
lloweis and Iniils, besides immense. <pianlilics of lca\cs, iii't* 
in niaiiy ca-'cs pi-csei vcd. Ainoiie the. shrnhs arc manv cver- 
;.^recns, a.-' A in/ rniiiii/K , -.iMd two c.xtiilcl m'licra, /A/yVo/eysz/r 
and M 1 /itnri III ^ with line Icathci’v leaves, loyclher with 
hazel, blackthorn, Intlly, logwood, and hawtlmrii. A species 
ol /aniia (Zn m i/is) yrew ill the swainps, with l*utiniii>ilAiiii . 
S[i<irijniniiiii^ and Mniifiiiilliriii while ivy and vines twined 
around tlic^ toic’sl. fiate.s, and broad-leaved ferns yicw beneath 
tln.'ir shade. JA en in Spilzher^en, as iar north as hit. / S 
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,')»/, no l('ss lliiiii iiiiu'ty-livn s]HH-i(*s of fossil plants have 
h(M‘n ol)luim‘(l, inelinliina- Td.rodlinn. of two s]u‘(.'i(.‘s, hazel, 
poplar, alder, hi'erli, ])lane-tr(‘e, and lime. Such a vii^orous 
• 'I'owlli of triics within \ '2 of the ]M)le., where now a dwarf 
^\illow and a few lu'rhaeoous ])lants form tlie only vegetation, 
and wlnne tlu‘ ground is eovered with almost jKOpetnal snow 
iiiid ice, is truly reinarhahle.” 

'rakiiej; tin; ]\lio<-ene llora. as a whoh‘, ] h' Ilec'r eoiiehuh's 
IVoin his studv of about idJOO plants contained in the Kiiro- 
pean Miocene alone, that the .Miocem; jtlants indicate tropi- 
cal or sid'-tropieal conditions, but that there is a strikin;.^ 
iiitermixtnia^ of forms which an; at prestmt toiind in couiit.i i(‘s 


widelv nmioved from mie another. It is impossibh; to state 
with certaintv how many of the iMioceiie plants Ik'Ioul; to 
cxistiiej; species, but it a]>pears tliat the lariter niimhm’ are 
cMiin t. According to Ileer, the Anieri(-an types of l»hints 
arc most lai-el.v represented in the .Mioceiu' llora, iie.xt those 
ot Kiiropc and Asia, ncxi those of Africa, and lastly tliose of 
Australia. I'p.m tin- whole, however, the Miocene llora of 
K, trope is mostlv nearly allied to the ].lants which we now 
|,n,l inhabiliim' the warmer jiarts of the rniled States; and 
this has led to the sii-estion that in :^1 iocciie t lines the 
Xurth Atlantic ( tcisin was dry land, and that a iiii-ration ol 
American plants to Kun.pc was thus permitted. This view 
IS borne (.111 by the fact that tlu' Mioceiu' plaiit> 
are most nearly allied to the livine, j.lants ot tie 
Atlantic* setihoard of tlu* Tinted Stales, and als 
,,,.„nvnce of a rich Miocem* llora in Trceidand. 

(inriilatid, Tr Hcer has (h'termim'd that the Mm 
mdicale a temperate climate in that counlfN, with a mean 
annual tmnj.eratnre at least warmci than it i >it 1 

The present, limit of trees is the isothermal winch ynes 
the mean temperature of 51) Tahr. in duly, ..r about he 
parallel of bT N. latitude. 1 n ^liocene tnnr*s^^ 
limes, cvpivsses, and plane-trees reach the mdh ^ 

l;,tuu,K.;and the pines and l.oplars must ha\e iaiim< 
further north than this. .w.n'nd 


of l‘'airo})e 
•astern or 
bv tlu' 
As re;_tards 
ciu' ])lanls 
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is, the wlidle, so (*los(*ly nlliod lo now ('xistiun' 

tn call Tor no s]»ocial inciitioii. It is wortliy ol‘ iiotico, liow- 
tliat tlio I’lioci'iio lloi-a of Kuro|)(‘ was sti'ildnuly similai 
to tliat now ('xistiiiL^- in Xortli Aniorica. Thus, we liiul in 
tlio riiiK'eno of Kni'ojM* ^aniora such as the LocusI-Ii'ih's 
{ I'nln t! iii\, tlu' Ifoiu^y - locusts {iilnl itsih m), the Siiiiiacli 
[l!liiis\ th(‘ Haiti ('y])i’ess, th(‘ Tnliji-ti'et* (J/irin 

i/rjtil rn//)^ the Sweet-_U'nni tree (^Lufi/ iiitt mh/i r), the Sour-ifinii 
ti'i'c Aysse), Ae., which do not now occur in fairo}te, laii 
are al present chaiueterisl ic foians in the llora ol’ tenipi-i'iiti' 
Xortli Aniei'ica. 



(I L 0 S S A R Y. 


\l;|HiMr.\ ' (ifiii'i, I f.>||rr;lh. Tll»‘ | « Kst flinr I'uvily"! Ill'- Imily. L'i*ll1;iill- 
in:,M]ir iiics aii<l nilirr.s dl' tln‘ vi'^crra. lii many 1 ii vritcliratcs tliciv 

is no scjiaration ot' tin' iHuly-i'av ity into thorax mnl alHlonmn, ami it is only 
in tlm liiLthrr Aiiimlnsti tliat a tlislim I aluloiin n ran hr said to 
A I'.iailavN f 1 1. at. nh. rrn, 1 w.nnlnr awayt. 1 )cj>art iiii; from tlm n-oular 1y [ h.-. 
ArAoKMM. li-at. o//, from ; a min'. Invoiilar ; tlnvialiuo from llo' 

ordinary staiidaid. 

Ar.i! \Nt iiiA n: Cr. o, without ; hivirhia. -ill . iHaslitutn of Rilhs or hraii- 


ti.' 


\M ii'ii'rKt;vi;ii (Ir. ''l.inilni. s|.im' ; />/> n'.>\ winoR A ;,n-on|) of hony 
cs with spinous rays m iho front |>att of tlm dorsal fm. 

;i mite). A division of tlm ArKchiialti^ ol wliicli tlm 


A I \iiiN.\ ((Jr. <//', 

I Imi'si'-mitf is tlm typo. 


Ai I I'li.Moi s ((i 
Imad. 

.\i'l'.l ,\r.t I.A hat. (iritahii/iinl, 


(I. without ; /:• Imad). N'lt |k 


i.so.s.sino a distiimt 

oplialm 


up'. 'I'lm suokois with which tlm 
I ii orossos ot Ilian \ I 'f /iliidii/i'idii ‘,( 111 t lo- lislms) arc piovnh'd. 

An r.Min.i M. 'I’lm ciip-shapnl sook, t of tlm hip-joint in Vortohratos. 

iioDoM' ^(Jr. o//'os', hioh ; -Aw/v. tooth'. Applied to I,i/aids, in uiimh tho 
torth al'o anohylosrd with tlm summit o| tlu' jaw. 

.\ci;(ii;i:ss ((Jr. n//os', liioli ; I |iroduco\ 1 lints u!o h imn.ist in 

lmi,i;ht hy additioms mado to tlm summit "f tlm sh-m, hy lii'' iinmn -I tlm 
hasos of t h" loaves. , _ 

AiliNo/.o.v i(Jr. .dfui, a ray; and n-on, an animal), 'flmt division ol tlm 
nihi of which llm Soa-.im inoims may he taken as the type. 

Ai vi'oi,! (Lat. dim. ofo/rms hellv). Applied to the .sockets ol llm teeth. 

AMia i.M'UV iLat. a place for Walkin-. The perlorated spaces 

m “avenues ' throuyh which are protruded tlm luhe-lect, hy means ol 
which hn'oiiioliou is cllectcd in the AcA/aoiA / //m/o. i- i * 

a,.,l. 1 >v;,lk!. KdllM'.l Or K:ilkillJJ. .MT'"'' ‘'-I 

"iii-le limh, (U’ to an entire animal. i, i c. , . tiw. 

Ammonm id.k. a familv of Td rahriinchiiito ( Vpliah'pods, .so ca o lo i 
I'senildiince of the .slndl of the type-K<‘"»»'S Aiiimoniks, to the huit s i 
I'ayptian ;^od, ,1 ui>iler- Ammon. 



478 


(; LOSS ARY. 


Amiki'.v fOr. clian^in^L A s|)i'oios of Ulii/opod, so cullid IVinii tlic 

iiuint'nMis clmiiL^fs of form wliicli it uiulmi^oi's. 

A.Mu:i!iFoiot. Krsomlilini; :in Jiinrhn in form. 

Amiiki’Ho/oa (dr. <1. witliout ; )iior])Jii\ sliaju: ; ;oo//. aiiimari. A name mmiic- 

tiiiifs iiM'd to ih-^ionatc tin- S/iamjis. 

Ami“III 1!IA (tir. iunpln, l>oth : /*/<«, litiA. The l‘'ro^s, Newts, ami tlu' like, 
wliieh have oills when yoiiu”-, hut can alwavs hreathe air ilireetly wlien 
ailnlt. 

A M I’ll 1 1 (FI t irs (ir. iiii>jihi, at hotli ends; /w/^/e.s, ludlow i. .Vjijilied to Veite- 
hr;e wliieli art' eoiieav*' at both ends. 

A M !'i 1 1 1 'oi I V dr. iiiiiphi, and jkihs, a foott. .\n order ot (’ nisfufm . 

(l.al. the Vtmt). ( ■oillieete»l with the aims, or .sitmileil near tile 

aims. 

As \i: I iiKoi'oii.\ (Jr. n, witlmut ; nr/Aro.s-, a joint ; />r;/es', foot a 'I'hat division 
of Aiimilnsr animals in whicdi tliere are no art i' ulatei! a ppeml ayes. 

A M in i.osis or A.nk V i.osis (ir. iiiilufn.s, i-rookeil . d’hi- union of two hones 
l.v o'se.. ns matter, so that they heeoine one horns or are imimtvahly joineil 
toyet her. 

.\S(,|(isi'l',l:Ms 'dr. it'i'i' io/i, a vesst i ; seeiL. I’laii’s whi' li li.ave tln ii 

seeils enclosed ill a .seed-vessid. 

AnM'.I.M».\ a (Jallieised torm A n iml.ihn. The llinyid Worms, wliieli tniiii 
one of llie divisions of the A ixi rth r<>i>ntl,i . 

.\\Nrr. \ I rn. Composed of a Miei'essi,,n of rinys. 

Asm’|,o|I(A hat. (iiiinihis, a liny; dr. e/,/ov, torm . The Mihdxinydom ('(nn- 
jni'iny the /f-7///n»/. ,seo/,/ and tin- Sr,,!, ri,hi - /■yhAin\,„i . 

.\sM l,os\ l,at. mt iiiil ns), 'fhe suh-kinydoiii eomprisinn tli( A iiurlh ruj,< 
and the A All rn/, './III or Arllriihil.i. in all of whieh the body more or Ic'S 
evideiilly eoinjxo.al of a siieees.sion of liliys. 

A.S' (MoiioN 1 1 \ (Jr. i(ifn)/i,,s^ iri'eyiilar; minus, tootlil. An extinet order id 
h’eptlles. oft' n ealh-'l ! > f ij iin,l ntil nt . 

,\s(iMn:,\ idr. iiiiiniins, irreyuhir ; nuru. tails A tril'c of decapod Cn’shirxi, 
of whieli tiie nerniit-erah is llie t_\ pe. 

A N"i f.')i iit.nii'.i: '.(Jr. (t/mjiln'i, nnarmeil ; Ih, i\ beast . family of Tertiary 
Cnynla'es. 

A'.oi l:\ ttJr, ".without ; imrit. tail . 'I’he order of .//n/'/o'/z/n eoiiipi i'i'iy t Ic 
l'|o_o, and Toads, in wliii li the adult is destitute of a tail. (Ilt'm ealled 
llnfrurin.l. 

.\''.ii'.s i: I, at. a yard-ai'in). The jointed horns or haders possessed 

O' I he Iieijority of the A rflriihitn. 

.\',1I.NNI I.l - (dim. iiiAI /i/iiiiKi). Applied to the smaller pair ot anielina' 111 
the (•r„s/,i.;r,. 

,\ \ 1 1 ni;A( II M M Mir. ftiifi, in front of; hrnrh'mu, the arm), d'lie fore-atui 
the hiylier \ eit'diiates, composed of the riiifliiM and uIiki. 

AnII.I.IIS. I’ropelly the bramdies of the horns of the heer tribe {Aim'll'', 
I'Ut yem ially iipjdii'd to tlie entire hoiiis. 

A I’lm KIN I D.i; (dr. if/iloii, a jiear; kriunv, lily). A huiiily o| ('rinoids- ll" 
“ I'ear-eliei inife.s.” 

A I’l.AFI'.N I A I 1 A. 'file .seetinn of the Md iiinin/hl, eomprisitiy the two divisions 
of the ! )i<lil i>lil,i and Ariilflioilt/plihi, in whieh the youny i.s not liirnish'd 
with a Jihieelitil. 
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Al’iihA ((!r. a, \vitlinnt ; fc('l). Aintlii'd to thosi' lislics wlii' li have no 

vclitl'al lins. Also to tll<‘ footless (.*orili,r amongst tlic yi iti pitih'ni. 

Arol'Mi. Devoid of feel. 

Ari’i’it.V (dr. a, witliout ; jifrrtn), :i uiii'^). A division of 1 iisects, wliieli is 
(’liano'tfiiscd liy llo' alisi-inc of wiiiLjs in lln- adult l oinlition. 

AlTl'-Itors. Devoid of wiliujs. 

,\ I'l'KKV dll'. <>, without ; iih rii.r, a win_oj. A windless hiid of New Zealand, 
heloriLjino to the order t'lifson-'’-. 

AiiAfMiM ii.\ (dr. d r(tr}ni> , w spider'. .A (dass of the .//V/evdo/o, eoniprisiin; 
Spiders, Seorpioiis, and allied animals. 

.Aniami'.si I'iNl'. llranelied life a lice. 

A m II Koi'i i:i;n X ft'f. (n-rhains, aneient ; }>frrti.r, \\\ud). 'I'lie singular fossil 
liinl wliieli alone eonstitules the onler ofthe Sinnimi. 

.\l;i;\ \( l'.ors, Sandy, or eoiiiposed of trains of sand. 

Ai: ri' i i,\ r \ iLat. o/7/,-/J/os. a jointl. A divi>ie.n of the animal kinylom. 
eomprisiiio Incs'ls. denlipede'-. Spiders, and dnistaerans. eharaeteiiseil l.y 
the posM-ssioii of jointed bodies or jointed limhs. The teini .1 lih rojimld is 
now mole imnally enijdoyeil, 

Ai;i i" 1 >A( TVi,\ (dr. oW/ov. .>ven ; ,ldj.l ,/Ins. a tinker or toe). A division of 
tlie hoofeil i(n;nlrnpeds iinnhitn) in uhieh eaeli toot has an even iiumhii' 
of toes (1 wo or h.nr). 

AMinioiim (dr. oD.o.v, a hot lie; - h/ev. a toriii). A .synonym of rmiimld. a 
elass of Mollnseons aliimuD. whieh have the shai'e, in many eases, of a two- 


Asi xi'm,. .Applied to inodes of reprodnetiou in whieh the sexes are not 
emie. ■rill'd, 

.\-ii'iioN \Ti:. Not pos-M’ssiiiLt a respiratory tube or siplmn. (.Apj'lied to a 
division ofthe Lum' Uil'in ii<}tnil‘ .Molliises. i 

Asirmni. (Ir, oshr. a .star; and - o/o.., foriiib Stai-sh.iped, or poss.'s.sine 
radiatino lobe^ or ra\s like a star-fi'h. 

Asiimoii'KA. All order of A' A/ms/- r„m/o. eompriHi.- the Stardishes, ehar- 
aeterised by tlieir rayed form. 

A-ioM\ i"rs (dr, o. withoiil ; nioutld. Not j'ossessino a mouth. 

All.\s(dr. the Cod who holds np the earth). Theliist veltelna ol iheiieek. 
wldeh artieiilates with ami supports the skull. 

.\\i:s iDat. or/w a bird). The elass ,.f the P.irds, 

,iim. ol' -C " A' 

aia|...i lik.. tiK Ii.'a.i ..r I. oo. I-O'! o "'O.y o a." 

AMV.'lid.,,- . ,,iv„l). Tl... s,von.l ..f t'l- -O- "USi tl." 

skull and atlas nsnally rotate. . , n . 

A/vi;ors (dr. o, without ; :i/<in,i, yoke). Sinole , \\it mu .i < 


ll,, ,sn..,: Cr. iin ao.r.e. .V 

Tli. wlii.-l, oonii.y til- l-ila.- 

l'•^'|■il.u'lnj (lir. ii IVogV crt-n al'l'”'-'' 
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jiLihitf, ])ut sonu'tiiiu's ri'slrii'tril to llio Aiiij>lul>iiUis as a rlass, or to the 
siiiLtlo ortli'i' of the Jimid'it. 

r>i'.i.i;MNi i'ii>.K ((!r. I» l< iininii, a dart). An oxtinot <,a'oui) of l)il)raiii'lii:it,. 

( ’oj)lialo|)otls, roiiijnisiin^ tin' Ht lt innitfs and tlicir allies. 

1)1 Kill. Cli'l't into two {tarts ; t'oikeil. 

Tti KA ri’.iKVK. llavinu two svnmietrical sidrs. 

Dim ANA tl->l- /o'v, twice ; a liainl). 'I'lie, .irder of' MiUitnhil in 

ino Man alone. 

I’tll'KliAI. lait. /'/■>, twice ; />c.v, foot). Walkiin^. njton twit le_os, 
lil\Al.VF. Lat. /'/.v, twice; ni/ro, foldiiiLt-doors). ( 'oni|)osed of two plates nr 
valves; applied to the shell of the Lit itrh inld and Urtir/i injiDihi ^ auil 

to the I ti apace of certain Cnisfui; n. 

Ili.A'-ioiin A ( if. a hnd ; and < h/'-v, form). An extinct order of yfcA/- 

e-/, re-o/o, oflell eaU.'d I'' ttf d „i Ih's. 

r.KAi II loi'oi 1 A (<!r. fiiiirli imi, all aim ; /mitt, the foot'. A class ol' the MnHi's- 
...nl.i, oflell cill.d ■' l/noji-.shells," eharaeteiisi-d hy possessing two lh>li\ 
aims coiiiinued from the siiles of the month, 
r,:: \i HUM <ir. /</-o.7//,„i, arm,. Applii'd to the upper arm of \'i'rtelir,alis, 
r.iiAa. 11 \ I l: \ atlr, /'Coc/ii/s, shot t ; o//,)/, tail . A trihe of tin' I tecapoal t V//s/e. 

• < '(,/v wil la shot t t-iil> I /'.c., the < liihsi. 

r.AAliN I'l all! Ii.v; Air. />/'o/ns, .slow : /I'lihs, feet . The faiiailv of /vd loiaa- 
prisino the Sloths. 

liUASc'lll A (< Ir. Iir<nir}i id, the ei]] nf a fi>h . A la-'jiiratory oiyaii ailaplnl to 
liri'alhe air ilisMdved in water. 

I)|;aN(11iatk. possess ii!'..; ;^dlls or hraitaehi.e. 

liiiANi till I KA Mir. hrii'i'h id, eill ; aaii<l I'll' i-ii. I earryi. .\ division of t/o.s/- ao- 
/iiiil'id.-f Mn//it.<rs, in whia'h thi' respiration is aipi.atie, and the respiraiory 
organs ari' mostly in the loiiii of ilistinct ;;ills. 
llliAM Hl'i-i;.\si i;i;<ii'(.|)A ( Ihallehifera . 

l')l; \Na llliii'ola \ (dr. Il|■‘ld,■}|,ll ; ;ind /"'//s, foot). .\ le^fioll of t'rHstdn d, ill 
which the yills are sii|.|iorteil hy the I.-, t. 

DuAM'iiHasi la. \i. (dr. hi'iiifiliid, ydll ; 'Ll/,), \ cover;. ,\)iplii d to a iiiciiihiMiic 
and rays hy which tin- oills an- {notei ted in many lishes. 
liiniMK.rs (',v. Lrontr, thunder an e|.itlnt of .lujiiter the Thninh'icd. A 

oeiiiis of 'frilohites. 

l’));o\ 1 11 1 II i.i;i r M (dr. hrinili, thunder; thy rion, hea.st,;. All I'xtinct 'feints ot 
I numl.ite d>iiadriipeds. 

l’.i;<iSTo/or\i (dr. Id-oiil', thunder; :o«o/, .inimal i. .\ oeiins loumlcd oii tln' 
! arycst font print s ..f tin- 'I’l iassje Sandstones of ( 'onneeticiit . 
llui 1 \ hit. hrii/d.t, heavy, stiijiid). < tfleii Used to de.s|o||;iie the .Mamin ili. hi 
oidi'i of the /■iili iild/d . 

l’)KV(p/ai\ (ir. hriiD'i^ moss; '.oo//, animal). .\ synoliyni ol /'o///:"n, a class ol 
the Mitlld.tn/ttid. 

Iln a A H ( lilt. Itilirit, nioutll or (dieeks). < ’olUiected with I lie IlloUtll. 

I ’ii; i; si lo in M (lait. IniiHd, a jiur.se; /h/O/ia, shajie;. Shiipc'l lik'’ 'i p'O'’'' • 
suh sjiherical. 

I’.VssiKKinu’s. I’rodueino a tiyssiis. 

Dvssus dir. hiititiii.t, ll.ixj. A term a|»[ilieil to the silky lilaiin'iits hy whi' h 
the I'iimii, till' common .\I usse], ;ind certain other hivalve MuUdscd, attindi 
theinselvcM to foreign ohject.s. 
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('ADrcinRANniTATK (li.-it. cailucvft, fillling ofT; Gr. hragclda, gill), Ap])lie(l 
to those Ainphihinns ill wliidi tlie gills hill oil' hefore niiitiirity is rcaehod. 

('Aurcors. A])])lie(l to ]>:iil.s wliieli hill ofl’ or are shed during the life ol‘ the 
animal. 

(' KOAi. (hat. cdcus, hliml). d'erminating hlimlly, or in a closed extremity. 

('.Kor.M (Lat. nirits). A t tihe whii'h terminates bliudly. 

( '.KseiTosK (hat. <v/.sy;e.v, a turf). Tufted. 

(’ainuzoic. (.SVe Kaiiiozoic. ) 

( 'ai.AM ii'F.s (hat. rahtmiis, a reed). hxtinet jdants with reed-like stems, 
lu'lieved tn he gigantie representatives of the Ktp'isi taiyn’, 

( 'M.CAKKors (liSt. C'l/.r, lime). Comjiosed of earhonate of linio. 

('Ai.ici;. 'I'lie litth' enp in whieli the polyjie of a corail igenoiis Zoophyte 
{A I'fliiii'O'hi) is contained. 

('Ai.Yi'oriiouin.K ((!r. bduy, a eup ; andp//'/’n, I carry). An order of the 
Oeeanic lfi/i/ro'<ni, so calleil fi'om tludr possessing hell -shaped swimming 
organs ( hi rforii/i/C) s), 

i'w.w (hah :i cup). Applied to the eup-shaited body of Vortii'cUo 

{I't'ofu'jm), or of a (^I'uinid ( }"Ji'h tii'idi riiiiifii). 

( A M i‘A N I' I.A i: 1 1 >A (hat. co/npo/in/o, a bell). Anttrderol llydmid /oopliytes. 

(’.WINK (hat. nun's, a dog). 'I'he eye-tooth of Mammals, or the tooth which is 
])laeed at or close to the pnemaxillary suture in the ujiper jaw, and the cor- 
responding tooth in tlu‘ lower jaw. 

(' AIM rri.i M (hat. dim. of nipiif, Inanlb A]iplieil to the body of a Lnrmudi’ 


piiiHilii ), from its being snpiiorted upon 
(’AliAi'M i:. A protci tive shield. Applied 
sters, and many other ('rimfi’nit ; also to I 
liifiisiirin are pi'ovided. Also the npp.M’ ha 
the boily of a ( 'hcloliiatl is protecte.l. 

< A K(Mi A nol*oN Mir. kiirrliitnis, rough; o'/oe 
('AnniocAHi’oN (dr. kuntia, the heart; kur/n 
from the ( 'oal-nieasures. 

Cai;i»H’M (dr. kanlUt, the heart b 'I'he g'MH 
till' ( 'oekles. ( '(tnli iiiii . Ciinlinhi, ami Cii 
Mai;i\at. 1’ (hat. eurim', a keel). Applied by 
the sti rnnm is furnished witli a median rii 
hvKMVoHA (hat, tlesh; i'urn, I devour 

t'AUN 1 voiuM s (hat. am*, fle.sh; r<o‘o, 1 devt 
t'AUNost: (hat. raro). Fleshy. 

(’ahim's (dr. kiir/ios, the wrist). 'I’he smal 
tlie fore-arm and the nietaearpus. 
^'ai'auiiis.v (dr. kiitti, downwards; rhnits, i 


stalk or peduncle, 
the upper shell oft'rabs, hob- 
‘ ease with whieli certain of tilt' 
of the immovable ease in which 

tooth). A g'Mius of Sharks, 
fruit). A genus ot los.-il li'uit 


'I'he gvims of lUvalve .Nfidluses e.unprisini 
ilit, ami Cim/i't,* have tlie .same dt'vivation. 
Applied by Huxley to all those birds in whicl 
median riiige or keel. 

o, I dt'vour). An onler of the .dmn imthiK 
•oVo, 1 devour). Feeling upon tlesh. 

The small btuies which interieiie Itetwee 


bAnn.M. (hat. enm/n, the tail). Belonging to the tad. 

< 'avi(’o|!m a (hat. (vn-n.v. hollow ; roriDi, a horn). 1 he m ow an 
Knmiuants, in wdiieh the horn consists of a ocntr.d bou) n m 
roumlctl by a horny sheath. . i i i 

i KNi iirM (dr. hntron, the point round which a eirolo is deseinei >. 
of eoniiiasse.s). The central portion or “body " of a vertc na. 

<'i;iMiAi.Asniii.i; ((Jr. L/dm/r, head ; msyds, sjiield). A lami y o 
k'KniAi.in (dr. hphid,- headb Behmging to the head. 

2 11 

vnr,. II. 
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I'El’llALO-BUAXnilATK (Or. krphitlc ; ami hra[f<hi<(, Carrying trills upon 

thf liead. Ajipliod to a .sfctioii of tlm Jiiiulidn, wliirli, like the ScrjinUv, 
have tufts of extcrual gills placed upon the head, 

CEi’HAT.OPJionA (Or. ki'phah : ami /'Inro, I carryl. Used .synoiiyinoiisly 
with Etuephaht, to designate tho.se MoHascft which ]>os.sevs a distim.t 
head. 

( r.l'IIAI.ornnA (Or. U/'Ao/c .■ nud Jimlrs, feeth A class ol the .Ve//»,vrvg ('(ini- 
prisiiig till' Cnttle-lislu-s and their allies, in which theia- is a series of ariiis 
ranged round the head. 

< KlMl A l.OTiioii.vx 0 O'. ki phaf( : and //o/noc, client). The aiderior division of 

the liody in many {’riisfiirra and Avarhu'nln , whieli is eoinposed of the 
coalesced head and thorax. 

CiHATimAKis (Or. kcras, a horn; in r/s, a shrimp). A genus of I’hyllopoil 

< 'ru^taeean.s. 

< l iav 1 1 1 Ks (Cr, kirns, a horn). g< tins of .///(//om/Vd/r/’, 

Ci;i:atuiu s ((ir. h rns, a horn ; minus, tooth), A genus of r)i|nioous lishes. 

( r.uvK'Ai. (Lat. o rcir, the neck). Connected with or Ixdonging to the region 
of the neck. 

( 'Kn\ iii.K (I.at. crri us, a stag). ’I’he lamily ol the I >eer. 

(.'i;si i:Ai'iini;i t(Jr. kisfnr, a weapon ; p/i’ ro, I carry). 'I’he group of the “Ces- 
tiacioiit l'i.shes,” repre.v-nted at the present day l>y the rort-.laekson Shark ; 
.-.o calltal fn.mi their defensive .>|dnes. 

\i i;v (C.r. k<Vos, a whah-). The order of .Mammals comprising the ^\ lialcs 
and the Itolphins. 

( 'i,i losAi'urs (Gr. Irfos, whale; snurn, li/ard). genus of Deinosaiii'iaii 

Meptiles. 

(Jii i;!I(o1"J i:i:a fCr. cluir, haml ; ptnoii. wing). 'I'lie Mammalian order of tlie 
llat.s, 

Cii i;i noTiir.nif.M (Cr. ch-ir, hand; th^rion, lieast). The generic name applied 
oiigiiiallv to the hand-shaped footprints <d’ l.ahyrinthodonts. 

Cifi:ii;i'nrs (fir. rkrir., hand ; oneo, tail). A genus of Trilohiles, 

(dr. rhilr, a (daw). The prehensile (daws with which sonu' of the 
limhs are terminated in certain ('rnsfurn/, suc h as the Crah, l.ohster, (xe. 

CmiAlK. l'o.Ss(,;s.sing ( Ik he ; ajcplied to a limit. 

( 'll i.r.K KK.K. (dr. (7/(7/, a (daw; and k>rns\ a horiii. 'I’lie piadiensile (daws ol 
tin; S< (;riiion, supposed to he homologous with anteinn'e. 

Ciii.i.o.MA (dr. rhrhnu', .'I tortoise). The order of IJcjitiles com]'rising Iht 
Torfoi.'a s and Turtles. 

Cii I i,().\()I:a rn.vcin A (dr. rlnlnih:, tortoi.se; hatrni/ios^ a frog). SonietiiiU'S 
ap]died to the Amjdiihian order of the Aiimirn (Frogs and I'oads). 

< II I i.oo.NA I ii,\ (dr. t'Jiri/os, a lip; and iputlhos, a jaw). An order ol fh( 
M )j rin piidn . 

* llll,'tl’o|»,\ (dr. rliri/us ; and ////^/.s, feet). An (ti'ler ol the M ijnu pmlu. 

Cii 1 1 1 .\K ( t !r. rfiitmi, a coat;. The peculiar (dieinicid primdple, nearly iillitd 
to horn, widt h h/rms the exosk/deton in many Invertc hrate Animals, (sjk 
( dally in tlie Arllirnpoiln (('ru»l(tnti^ lunnln, .Vc.) ^ 

( ii;i:i (I>at, cirrus^ a cnrl). 'I’emli il - like api>emlages, .sm h as tht‘ f" • 
I’amat les and Aeorii-sh(dls {(JirriprdiH), the lateral pKtee.'-ses on tin aim 
of Ilrnrhlopoilil, fir. 

Ciui'iKKliOL'.s or CiknKiEuofs. Carrying cirri. 
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ClKiiii'KDlA, Cli:i;iiin-,i»lA nr Ci ci: iioi-oda (L:it. rirrui^, a cud; au.l pfs, ,i 
(not). A suli-i lass of with Cllllcd joinlcil feet. 

('[.Aimci.ii A ((!r. /7(f(/o.s', a branch ; /v/y/.s-, a horn). An order of CnisUura witli 
l)iaiii ]icd aiitcniKc. 

('l.A\ A I K I liat. c/<irits\ a clnb). ( 'lub-diajtcd. 

( 'oA (Lat. rlfirirK/ii, a lilllc '['lie “ collardioiic,” fonnin;^ one of 

flic elements id' tlie pectoral arch of Vei telnates. 

Ci.iiAi'A (Lat. a sink). 'I’lie cavity into which the intestinal canal and the 
dtirls of the generative and urinary oilmans oprm in eoinniou, in some In- 
VI i lehrates in Insee1s\ and al.M) in many Vertebrate animals. 

Ci.viMAKnKM (Lat. rli/pnis, a shield; and /hr, /lo, shape). Shield-shaped ; aji- 
plied, for example, tn the carapace of the Kinii-erab. 

t 'll! I'osi i:rs ((ir. ZoL/->.s, berry; ushni), lionet. A j.,'emi.s of Ganoid Fislies. 

I'l'nii.iiiiu’s (Gr. hurlilion, a snaib.shell ; <i<[<ins, tooth). A ^nmns of L'estra- 
eimit Fishes, 

( 11 1 I N'! i n AT.v (Gr. hollow; the liowcl). The .sub-kingdom 

whieb conijirises the IfiKlm'jMt and .-ir/iiinjiK. I’ropn.sed by Frey and 
Lcuekliart in place id' the old leim /ooZ/n/tf, which included other animals 


• I IN KN'i ' n Y M A (dr. common; I'/it'Iiii tis>ue, literally an infusion). 

The common calcare.-us tissue which unites together the variou.s corallites 
ofa compound eoiallum. 

1 'iKMi'i I r M dir. /•o/io'.''', common; house.) d he entire dermal system 

of any /’o/y-.mm .• employed in place of the terms poly/oary or polyiiidom. 

( ii'NiisAnr (Gr. common; sur.r. Hold. Tliccomnmn orgaiii.sed medium 

ly uliiili the .separate jiolypites cd’ a compound Jh/iln>:oo,i arc connected 
together. 

t'oi.i Old i',i:.\ (Gr. knl, ;>.■(, a .sheath ; wing). The order of Insects 

d’lecfles) ill which the anterior [.air of wings are hardened, and serve a.s 
luotivtivc mises for the jiostcrior p.tir of membranous wings, 
t'oi.i imiNA (Lat. cn/ulnr, a snake). A division of the 

('oi,rMi:.\ci:i (Lat. co/nm/io. a dove). The division of Uasorial bird.s com- 
luisingthc Povesand Pigeons. 

L'oi.i .MKi.i.A Lat. dim. of co/z/H/zm. a column). In t'ouchology. the central 
axis round which the whorls of a spiral unividvc are woun 1 . Amongst t he 
./c/z'/zonm, it is the central a.xis or pillar wliich is found in the cciitic ot ilic 

theca- of many corals. . 

bon MN. Applied to the cylindrical body of a Sca-anemone ,./c/zzmd ; also 
to the jointed stem or jteduncle ot the st.dkcd ( zzaco/.'. . ■ 

b"N''iiiKr,nA (Lat. nuu'hn, a .shell; I carry). .'^hcL lish, . pp o < in a 

restricted seii.so to the bivalve Mollusc.s, and used as asx non\m tm 
ill'll lU'kiitId . • w 

boMivm, ((;r. Mdlos, a knuckle). The surfice by which one bone articula cs 
^vith another. Applied especially to the articular surface or surfaces In 
^^hich the .skull articulates with the vertebral column. 

<'nN,KosT,;Ks (Lat. cozizzs. a coue ; abeak). The dins.on ot 1 erchmg 


birds with conical beak.s. 

•bi'i i’ODA (Gr. L7ZZ-, an oar ; ptxhif, t''ct). 
t'oHAciiin (Gr. korax, n crow ; rhlus, firm) 
Ihe comiiosition of the pectoral arch in 


An order of Gz-n.vAuYYi. 

One of the bones which ciitcr.s into 
the Wi-filrttla. In most .Mammals 
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it is a iiKii'C process of the scapula, liaviui;, in Man, some r('S(Mnblanco in 
slia[) 0 . to the beak of a crow. 

( ’onALLiCKNous. Proilucino a cnrallnin. 

< 'orvAi.i.ri K. 'I'lio corallum sccrcttMl liy an Ai'fhur.oiin whicli consists of a siiiir],. 

polype; or the ]>ortion of a composite corallum which bdonn^s to, anh is 
seerett'il by, an individual polype. 

Couallum (from the Latin for Ive<l Coralh Tin* hard struclnrcs deposited in, 
or by, tbe tissues of an AcliiuKui'nt enmiiionly (nilled a “coral.” 

( ’oiiiACKoi s (Lat. coi'iiriii, hitle). f.eathery. 

CokvxiDA (Or. k-<ir>ini, a tdub). A oronp of the Myilroid Zoo])hytes, so l•allo(l 
from their Sometimes |to.sse.s>.ino clubbed tenta(des. 

('osT.t: i'Lat. m.shi, a ribb A]>plieil ainoiiLt'd the ('rinnhliut to designate tin* 
rows of jdates winch succeed the inferior or basal portion of tin* en[) (pelvis', 
Annuiost the (Jm-ith the “costa*” are Vertical ridites wbii'b occur on tlir 
oiitrr surface of the theca, and mark the ]tcsition of the .septa witliiii. 
t'osiAL (Lat. ecis/o, a rib). ('oiuiectcd with the ribs. 

Ciiwii’M (Gr. krihti't/i, the skull). Tin* bony or caitila^inous case in which 
tlie bi-ain is contained. 

(.'i;iNo|i)KA 'fir. a lily; cb/n.s', formb An ordci’of /■Ji-hhinth rmnla, com- 

prising forms which are usually stalkdl, and .sometimes resnnlile lilies in 
sha]a.. 

< biocoiiir.iA 'fir. lloft. a crocodile). An ordor <d’ lleptih's. 

f'Uossoi'l I'.IlvnllcK (Cr. /nov.oe.', a frin^^e; ptrni.r, a till;. A sub-oi’dcl' of 

Ganoids in whi' h the paired tins )>osse.s,s a ecntr.il lobe. 

Gim .s I'A civs f),at. cems.f/, a eriisi ). A class of .Vitieiilate animals, eom]irisin;j, 
Gr.ibs, Lobsters, ,ve.. i 'll a iMet eriscd by the po^sc.ssioii of a hard sin 11 orcrust, 
whicii they east perindi'-ally. 

< tiVlTOoA.Ms (Gr. i onecaled ; ijitiinis, iiiarria^eb A division of plant- 

ill wbii'h the Cubans of reprodin lion are obscure and there, are no true 
llowers. 

Gn, .voii) ^<Ir. Lli'in, a comb; eb/o.s, fornf. At'plieil to those scales of fishes, 
the hiinler iii.iryitis of wliii li are frinyed with spines or i oinb-like I'l'ie 
ject ioirs. 

( ' 1 ^,\ol■l(^I:,\ iGr. /V- /.s, a l omb; and jilm-'i, I eari v;. .\ii order of ./e/onc.ne. 
comprising i/eeaiiie ere.iiiiivs, which swim by means of “ etcno]'hore.s, ’ oi 
bainhs of cilia arranyed in coinb-like plate-. 

Gi Usonr.s (Lat. e///-,v,, 1 rnn,(. An order of Jc/'.v. eomprisiny liirds di'stitute 
of the ]iower of Iliybt, but formed for running vigorously the Gstricli 

and Kmcu,. 

Grsi-ih\ii.. Fiirnislied with .small pointed eminenee-. or “cusps.” 

( rrici.K iLat. iniiiiiJii, dim. of C 1 ///.S, skill), 'flic |i(dliele which Inrni.s the 
outer la ver of tlie body ajiionyst the liifiisnrlu. 'flic iiuter layer ol the iii- 
tcyuiiient generally. 

Gvri.oit) I'Gr. /.nifns. a circle; n't/ns, form). Ap]»lied to tlio.s<‘ scab's ol fishes 
which have a reyularly eirculaf or elli|it i<-al outline with an even niaryiii. 

( 'V( tarsi DM I (Gr. liil.liis: and sfunni, inonth). Sometimes used to de.'-i.y"'d' 
the Hay-fishes and Lamjueys, forininy the order Mn rsiimura uch 1 1 • 

Gvsr tGi’. kvxt/s, a bladcb r or bay), A sac or vesicle. 

GvsToinr.A (fir. Ao/.vG's, a bladder; and cb/o.>, form). An extinct order of 

Kell iiiiifO I'liiiilif,. 



(U.OSSARY. 


485 


Dkcai'oda ((Jr. dikd., ten ; /W/,s-, feet). Tlic division aiCmsturm wliieh have 
leii iuuliulatory feet; also the family of Cuttie-tishes, in which tliere are 
ten anus or eepluilie |n‘ocess<'S. 

l)!;('ll)Cnrs (Lilt, (hr/f/o, I hill olf). A{»[died to parts wliich full off or are 
shed durin^^ the life of tlie animal. 

l)i;r()i i,ATi:n (Lat. dtro/lo, I l)idiea<i). ,\|i])lied to univalve shells, the apex of 
which falls olf in tin- course of <,'rowlh. 

Dkinosai'KIA (dr. dcuius, terrihlc ; min'd, lizard). An extinct order of llep- 
tilcs. 

llilNuniFouM, l)KN’l)i:n ic, l)i:Ni»i:oiJ» ((Jr. dradnni, a trei*). Brajiclied like a 
tree, arhoreseenl, 

[ii'.iiMAL (dr. ihrmn, skin). Ueloii^diig to the integument. 

Di smiiu.k. l\linute fre^h-\\■ater plants, of a green colour, without a siliceous 
e]Uiieriuis. 

l)i:\TKAl. (Lat. di.ifni, the liefif liaiid). llightdiaiided. A]>pli<‘d to tlie 
dii'cetion of the spiral in the greater number of univalve shells. 

IbAi'ii i;Ai:.M (dr. diii/iliidijDid, a partition). 'I'he “midiilf” or the iijii.scle 
which in MdinindVni forms a jiartilioti between the eavitie.s ol the thorax 
and abdomen, 

Diastkma (dr. (//«, ap.arl ; hislnui, 1 place). A gaf> eir interval, e.speeial!y 
between teeth. 

Ml A I oM A(’i:.K (( Jr. d iidi ill lid, I sever). An order of nriuute planl.s, which aie 
[irovided with siliceous envelo|)es. 

Hi in; AS'ell I A T \ dir. dd, twice; (d'lKjrhin, gilli, The order ol ( VpAo/ope/dd 
(comprising the (’ulth-li’.hes, k>\) in which only two gills are ju'cseiit. 

|)|in NdiKiN'i'i.v (dr. (/es, twiei‘ ; /■//(»//, dog: dddin, lootii;. An e.xtinet order 
(if iJeptileS. 

liiiun.i'iiiA ;(Jr. dh, twice; diljihti-<, woinh). The subdivision ol .Mammals 
eomjirisiiig the Marsupials. 

I'lcil ;Lat. diijdiii, a linger). A liiig(‘r or toe. 

liKiD ionAnAf Lat. dl.idii.i: ijnididr. 1 walkn A subdivlsi.m of the^WntiCoru. 
Did rniiiAKK. Walking njMm the tips of the loe.s, .aul not upon the .soles ol 


the feet, 

DiMVAKV (dr. d/v, twice; I.iiidii, muselel .\pp'!''d to lluoe bl\.i\( . o 
liises (hint, llddd, III, iiild) in which the shell is eh-sed by two addnetm 
musrle.s, . 

Dish ttruvs (dr. thhids, teriible ; Mas, llsh). An extim t genus ol fishes. 
Din.um:as (dr. dilnus, tenible ; h ,'ds, hornb .\u extnu t genus ot Mauimals. 
DiN((iniis idr. ,l< do-s terrible ; opA/s, suake). An extinct genus oi Miakes. 
Dlxonxts (dr. d'-ians, terrible ; ofius, bird). Au exlinei g( iiUs ot Lio.s. 
Diinivoii.iNT (dr. di<, twice; pAm-, 1 generate; eoJo/.s, tootbl Api'lied to 

tliose Mammals wliiidi have two .sets ol teeth, 

Dll'Nd (dr. d,s, twice; yoo-e, breath). The order of Fishes repre.sentod by 

the Li /)i,l,)sin ii. . ,1 

Dii'i kua (dr. dh, twice ; f,t, r,d,, wing). An order of luseets eharaetensw >, 

the po.sse.ssiuii of two wings. i 

Disco, n ((Jr. diskus, a MUoit; ndos, form). Shaped round phib ^ 

Discoi'tidiA (dr. dd/ro-s, a MUoit ; p/ow, I carry). Hus teim 
Mnlum', or .) el ly dishes, from their form ; and it is .somelune.s mse. 
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tlu‘ order of tli(' Leeches (Jfiriiifi)w/), from the siietori;il discs whicli these 
animals possess. 

1 MsskI’IMKN'I’s ( 1-at. tUssrpl.,, 1 |tartition oin. I’arlitions. lhsc<l in a ivslricted 
sense to desiL,malc certain imperfect transvers«' [lartitions, whicli grew fioiu 
the septa of many corals. 

Ids i Al,. A]iplied to the (piii'kly-growiiig end of the hvdrosoma ol a 1/ ifil rir.no,i ; 
the opposite', or “proximal,” extremity growing less rajhilly, and heingthe 
end hy whieh the organism is lixed, when attached at all. Ap]>lied geni-ially 
to that extremity of a limh, muscle, or lioiie, which is furthest iviiioviil 
from tlie trunk. 

IttfKNAL 'Lat. (//'.V, ilav). Apj'lied to animals which arc active during lie 
day. 

poKSAi. J.at. (lor.'Oim, hack), t'onnoeted with the hack. 

1 )oi;>n;i;.v NCii I A I'h t Lat . i/orsii nt, the hack ; (ir. hrnpiJi m , gillh Having e\- 
Ici iial gills attached to the hack ; applied to c'ei lain Ja,/- //'/. v and .l/n//c ,ev. 
The term is of mongrel conijiosiiion, ami “ iiotuhram Inate i'' more cui- 
rcctly elnjdoyed. 

Ih It I .soiiKiiM A r \ ((ir. cc////o.v .• and 'A /'z/og skin x A class o| aiiinials eoni- 
prising the .Sea-urchin.g Si.a-lmh's. and otli.fg most o| which have spiiiv 
skin.^. 

h.i'iriNoini'.A idlr. <v////o,v and -AA>g form). An onler o( AVAo/e/A ////zz/c. 

1 oiiipri'ing the Sea-ui' hin-. 

la II I MI,. \ It:. !’o>.s.-.S'ing .-pine.. 

K< locv.si ;(ir. ont-id'- ; a l.Iadd. rt. The external Investment ol 

the C(eno-einni of .l 

la loiM'.mM (Ir. '//'-e' and ihi'jin, skill). The external intc gnmcnlary layer ol 
tho ( A lift i‘iit‘1 . 

liiii.NiAiA ;l,at. without; zAz/v, to'ztlih An ofloi' of Mitiinii'ihii (dten 
o.dh'd A'z'zz/o, 

Ki'i.s 1 1 t.oi s. Tizothless, without any ih'iital a]>paratn-. .\]iplicd to the 
iii'zuth of any animal, oi to the hingo of the hivalvc Molhisc-. 

l'',l'):io|']| niAl.MA I A '(ir. in sitting ; oph/lnlliiin.-^, eye;. 'I'll' division 

(d r'/'z/s/zzz', ZZ in whieh the eyes .ire se.ssile, and are ind .supported upon 
stalks. 

I'.i .t.'MoiiiiAN' Hit Air. < Az.v;/z/g a j>lat'' ; A/-zz;/z/z Az, gill;. An oi'h'r oi I'islms, 
im hiding tlie Sharks and liavs. 

KiA iiiA dir. z/zz//-,z/z, a .sheath', d’lic eliitimzus anterior jiair ol wings in 
licctleg whi' h form eases for flm pz»slerior niciiihraiioiis wings. Also ap- 
plied to til'- .st-uh s or jdate.s on the hack of the Sea-iiiomse ( J/z/zz-ozA/z ). 

K,m imvo /(Ir. e//j iij ; A,'/Zzz, 1 .swell;. 'I’lie earlic.-.t stage at which tin' }oHiin 
animal i- rceognisalde in the ini|>regiialed ovum. 

Knai.io-ai i-j a dir. / zzzz/z'z.v, marim- ; .szzzz/vz, li/ard). Somrtini''s employ' d 
a common tei 111 to de ..ignate Die extinct liepliliall orders of the /z/z//z z/zozOZ/'/c 
and /'A .sAzs,zzz/-/zz. 

KM'Ki'ilAi.nrs (Hr. z/z, in; k')ihnli\ tlir; head). Po.ssessing a. distimt k' '' 
Ihsnally aj.pln d to all the Mulhism proper, except the L,n,irl/ihrinirhi<ih/. 

I'.Mzocvs'i {(ir. tiiihfit, within; liiHfli, a hag). Tin- inner niemlnam o> ■" 
tegnmenlary l,iy« r of a l'nhf:oon. In HmAr/c/Az, wliere there is no "h' 
ey.st,” the einloeysl e.mstitntes the entire inleguiiieiit. 
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1 ',N!)uI)KI:m U'.r. ; iuul (frnna, sk\n). Tli<‘ inner intff'uincntiiry Inyi'r of 

tll(' (\rl,‘iilrnilu. 

llMforoiii I !•; (dr. nKlmi ; nml pons, foot). The inner of tlie two soeoinlary 
joints into wliicli the tyiiieal liinh of a Crvstojyiin is divided. 

liMxisK i;i,Ki <*N ((!r. : ami s/.i lrlus, dry). The internal hard strueture.s, 

siieli as hones, wliieh .sei ve for the attachment of musele.s, or the ]iioteetion 
(ifor'Miis, and which an* not a mere hardening of the inte^oinn'iit. 

Knsii'okm :Lat. rnsis, a sword \fonii(i, shape). Sword-sliajied . 

I'iNToMoi'ii Ai; A idi . i iiisects ; iihiiiji), 1 eat). Asection of the .Marsu]halia. 

I'.N I < eM os r 1 ; AC \ i(ir. uPoniit, ins<‘<'ts ; osh’oJi’iui, a shell). Literally Shelhil 
Insists; applied to a division of ('rnsfiii''’ii. 

Kmo/.oa (dr. ritfns, within ; animaL. Animals which arc parasitic in 

tlie interior of other animals. 

I'.oi I NI', d't'. c'l.'i, dawn ; komos, new or recent). 1 he lowest <livision of the 
Tertiary rods, in wliieh species of r.xi.sting .shells are to a small e.vteiit 




fi! 


repleseiited. 

I'iniiiMis ((It. <'/o\ Upon; (hriitn, the tine .skin). Ihe outer non-vaseulai 
layer ot the skin, often called the .scarf-skin or mflrlr. 

■i.vr i:a tdr. >}>',, upon ; mrmn, thighh The lateral pieces of the dor.sal are 

nl the somite of a 0/0 

■ ii'nioA (dr, <!>:. upon ; P'Ois, the foot). Muscular lohes developed Iroiu the 
lateral and uppm- .sutTices of the “ fool " of some Mullnsrs. 
loronii K (dr. r/.i. upon ; pons. foot'. A promos developed ui.on the ha.^al 
-protopodite,” of some of the limlesid'certain Cntst.uya. 

I'iris rl•.l;^^\ (dr. <7//, upon ; .sV- /■//"//, the hreast honen Ihe lateial pines ot 
the inferior or ventral arc of the .somite of a (’mstaaov. 

Ki'isioMK (dr. ojo; and >/<o//o, nmuth). A valve-likc oigan whndi arches 
locr the mouth in certain of the I'ohr.oa. 

KnniK. A ,ci. ni,.l .smTOiimlii,- 

the ihei ;e in sdiiic ( ’orals /•.xtcrnally. 

air. rvl,u.|, :„v ,«,s.Uc i 

,„h..r Is. h, a .livi.i..u O c, rvlud. :,n. 

paiiisilic upon fishes. ., 

Ki.urvTKnAl. that. e.,ual ; sided ‘ ".nVd to the 

e.uoiv t.. 111.’ aii'ie •'fiir /ir-o-r'-';'. . ,1 . 

aiiriil sli..ll,. 111.. it liiollr tlml nH ll"' " 

shell lie in the same idalie, c 1 n^Ma.Mrooons 

l.liuio, .■„.,uu,.„lv l-n..>vl, 
bifiVAl.VK (l.at, ii.iinis, eipial ; m//m , 

which are eompo.scil of two mpial pieces 01 \a m ,. XririJm 

KuiAMiMm.,;.,-,., ,yn or,l,r..l .Oii.Vc-. Ot-'o.iHnl 

.limuKuia,...! l.y lllrir ^r.-A l...-.u,...l.vr ^ ^ 

id i;vfri.i:in.\ (dr. nirns, broad; /</./o/i, wn...,. 


L 

L 




.jiiiiil.s i„l„ ivlii. l, III., lyi’iol '''''l;;');),\ll()r''lv')xOn^ sn'IrOii. rvliiO. 
xosKKi.K'roN (t!r. e.ro, out.snlc: d>l*/ *• • , . j'j j called a 

is l,y „ .><■ "■■■ ■ulr.M.mi.ut, ,..Kl ... 

" dermoskelcton. " 
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l'As( irrLA i'Ki) ftisririiJiis, :i lmn<llc). Arraii^^cd in ImiKnos. 

Fai na Fauni, tlie rural doitirs of tlir lloiiians). The j,a'iirral asscm- 

Ida^'e ut till' animals of any r(‘;,d()n or distrift. 

FEMrn. Thf tliigh-bono, intervening bctwiTii the pelvis and the hones of 
the leg proper ((il'i'a a\u\ jif'iijn). 

I'lnri.v hrooeh). Tlie outermost of the two hones of the leg in the 

higher I ir/ihni/d ; eorrespimdiiig U> the nhia of the lore-arm. 
hil.U'Ks (lait. a fern). The order ot (’ry[dogamie plants comprising the 

Feins. 

I'II.i1'o|;m (Lat. a thread ; forma, shapeh 'I'hread-shajied. 

Fission (hat. 1 cleave). Multiplication l.y means of a j.rocess of self- 

division. 

I issu'AKofs (hat. fintJo ; and /utrio, I produce), ('dving origin to fresh 
sti'ui'tiii'e.s hy a process of lissioii. 

l l.oKA (hat. Fluni, the goddess of llowers). Tlie general assemblage of the 
pi lilts of any region or disiiirt. 

1' oi I r-.TAW.s, 'i lie limh.s ol Crastaoa, which are modilied to .siihscrve mas- 
tication. 

I'oor-sKcKKTioN. The term applied by Mr Dana to the sclerohasic coralliim 
ol certain Acthur:oif. 

f ooT- i rni'.nci.Ks. 'i'he unarticulatcd appriidages of the Jiun Jhla, often 
called “ parajiodia." 

I'onAMl.Niii.KA foramni, an apei t lire ; /. co, 1 carry). .\ii order of /'re- 

usually characterised l,y d,,. jM,sM-s,sioli of a shell jaul'oratcd hy 
liuiniuoiis pseiidopodial aperture.-. 

1' III c.nouor.- (hat. //u/./-, Iiiiit ; I di'Voiir). hiving upon Iriiits. 

I'll oil)- (hat. Jiiriis, sea-weed; Cr. . o/es, liheness), I''os-ils. often of ail 
ohsmire nature, believed to he the remains of .sea-weeds. 

Fum i;i,( M or Frm n.A ihat. dim. of /»/vo, a fork,. The “ merry-thought” 
of birds, or the V -sha|ied lajiie formed by the united clavicles. 

I I .-iiMiR.Nt (hat. JuauM, a spindle; and foniia, sliapej. Sjundle-shajied, oi 
I'ointcd at both emls. 

If \ I.f.l N.\C 1.1 (hat. tjallina, a fowl). Sonlelin|e^ ap|died to the whole Older ol 
the ha-orial Dird.-, hut properly re^tri<■led to that .section of the older of 
which the eonnilon Fowl is a tvj'ieal e.Valnple, 

(Ianoi.ion (Dr. U'l'ii/Iio/I, a knot). A ma.ss <d' nervous matter eonlaining 
nerveaclls, and giving origin to iierve-li lu es. 

('ANoih pfr. ija/ios, sphuidoiir. brightm --;. .\pplied to those scales or plates 
which are composed ol an interior layer of true hone covered by a superior 
layer ol l)(>li^hed enamel, 

CANoinKi. An order of Fishe.s. 

(»As I i:Ro1’ii|)a (fir. t/as/ir, stomach; /«o/.s-, foot;. The class of the .l/o//c,sru 
conifirising the ordinary Idiivalves, in whndi loeomolion is u.sually elleeted 
by a muscular cxp.m.sion of the under surfai e of the hoily (the “ fool ”). 
(■k.m.ma; (hat. ijriniiia, a hud;, 'i'he hud.s [trodueed hy any animal, whether 
detached or not. 

Di MM.MfON. 'I’he proee-,s (if producing new struetiire.s hy hinldirig. 

D KM.Mii’Anoc.s (hat. >ji iniiiit, a hud ; purio, I produead. Diving origin to new 
.striictiircii by a [iroee.s.s of budding. * 
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Gi’.I'HYUKA (Or. firpJnira, a Lrid^r)- A class of tlic y^narthropoda, .■oinprisini? 
tlic S[)()oii-\V(triiis {Sipiiiirida.s) and llicir allies. 

CIZZAIMI. A muscular division of the stoniach in Birds, Insects, kc. 

(ii.Aiui’s (Lat. a sword). Apjdied to the, horny endoskeleton or of 

certain ( 'uttle-lishes. 

(ll.i.Noll) (Or. ij/' iir, a cavity ; ridns, form). A .shallow cavity ; applied espe 
cially to the shallow articular cavity in the shoulder-hladi,- to which the 
head of the humerus is jointed. 

OuALl.A'l'diiKs (hat. ijidlla., .stilts). The order of tin; lon^'-legt^ed Y'adiipi; 
1 tirds. 

OiiAi’i'di.ni da; (Gr. ijivpho, 1 write; lithos, stone). An extinct .suli-class of 
the Jl iidi'inixf. 

Oi'.KDAUiNiDA (Lat. ijri'ifd rills, oc<'urriiig in numbers to'^ethcr). A cla.ss of the 

/‘rdfii'jni . 

tli'AKD. Tlu‘ evliiidi'ical lihrous sheath with which the, internal chamhered 
shell (phrat^macoue) of a /h h /a / dVc is protected. 

OYMNtii,.i-:M .VIA (Gr. ijn ntnos, naked; hfiiiins, the throat). An order of tht' 
J'nlirjxi ill which the mouth is devoid of the valvular .structure known as 
the *' epistoiiie.” 

Ov.MNoi'ii IONA (Gr. ;;niiinos, naked; uphis, a snake), d'he order of the y/ci- 
phihitt coiiijirisino the snake-like Cufilid-. 

( A' M Nonii 1 II A i,M,\ I A (<G'. ijti minis : and (iplitlndnios, the eye). Applieil 1 >y 
F. ilw.ird Ihirhes to tho.se Mnlusir in which the eye-specks at the margin ol 
the tiisc are unprot«ctcd. The division is now ahandoned. 

( A' M \osoM .V I'A ((ir. ii"itnt(>s; ami sutini, the hotly), d he order of J'lit'njiO'hi 
in which the body is not protected hy a shell. 


IIaim'X (Lat, nd<.i\ the thumh or gc-at toe). The innermost ot the live 
dibits which norniallv com]>ose the hiiid loot ot a \ ertebrate animal. In 
man, the great toe. 

1 1 1'.M 1 1' 11:1! A Ad’. Initii, half; and pf'i'vti, wingh .\n order oi Insects in vhich 
tlic anterior wings are sometimes “henielytra. 
llnn.MAniiKoDi n: (Gr. //. nms. Mercury ; Aphrodit,\ Venu.s). iWssing the 

organs of both sexes combined. 

lll.r'nmcKncAi. Air, h.t.ros, diverse; Irrlns, tail). Ajiplicd to the tail of 
Fishes when it is unsvmmetrical, or composed ol two umi|U,il lolas. 
Ili.TKimi'oDA iGr. hums, diver.se; pod.s, feet). An aberrant group of the 
Gasteropo.ls, in which the b.ot is nmdilie.l .so as to form a swimming organ. 
IlllU’I.iNKA (Lat. hinuh, a horse-lceclO. The order of J m- /o/o comprising 
the Leeches. , . 

llisrono.iv (Gr. hisios, a web; a disconr.sc). The study ol the ti.s.sues, 

mole espcciallv of the minuter dements ol the bod\ . 
not.ocKi'iiAi.i (('ir. hdos, whoh- ; hphdr, head). A sub-ordcr ol the I'J'isnw- 
I'riim fiii comitrising the d/ilnuim’. , 

lloi,..sroMA TA (Gr. Imhs, whole ; sloiini, mouth). A division ol (.nsfrmpinhiis 
Mnllusfs, in which the aperture of the shell is rounded, or “ entire. 
Loi.oiin'iniiDKA ^(ir. hnlotlioiirinii ; and ridns, torm). An on ti ot a n/n 
comiuisihg the Trepang.s. . 

lluMc rurAMCr. ; Irdvs. tail). Afl'liod O lla tail al 1 1 . ■ 

^vlien it i.s .symmetrical, or composed ot two ecpial lobis. 
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lIoMoi.ocoT's (Hr. hmnns : and Ak/jw, a tlisi^oiirsc). Ai'plii'd to ])arts wliidi 
aro coiistiiK tod n])on tin* saino rundaincntal |dan. 

lliMKiiUs. Tlie laono ol‘ llio uppor arm {hnirliiinii) in llic VortcdjVatcs. 

IIVM.INF. (dr. hinting, crystal). ( 'rvstalliiu' or glassy. 

IlYlionoM s ('Or. hiih'i-i. curvtal ; <h/i)iis, tootli). A ;.,o-ouj) of Fislics of avliidi 

Ifi/hnihi.'i is flic typc-p‘inis. 

llviiiioinA (t!r. ; and / AA-s, form). The .snlt-(dass of tin* llijdiurjiti, 

wliii'Ii (‘oiiipriscs tlio animals most m-arly allied to the lludra. 

Hyi'Ikvi iiKc A (Cl', htnfni : and /Ac/.v, a case). The little idiitiiioiis cu])s in 
which the polvpiti-s of the S/ r/ uln ri'ht ami ( ’(impitmi/it j-'u/ii are pi'otrctcd, 

IIykkozoa All. hniha : and animal). 'I'lic class of the ('nJr,iirral<< 

wluh li comprises animals constructed after the type td' tin- lliidru. 

H YMFNoi'i r.KA 'dr. Iniiiim, a nieinhrane ; jih rnii^ a wiimh An order of In 
s-'cts coinpri'iny, Fees, Ants, Ac.) characteri.sed hy tlie possession (d lour 
nicmhianous win:.;s. 

Ihiiin (ir. f : > formn The hone \vlii(di supports the tongue in \ci- 
tehrates, and derives its name from its re.scmhlanee in man to the diveh 
letter r. 

IIyuosiiim!'. (dr. hiipo, under ; slnnui^ niouthj. 'I’he u]']'er li]', or “ lahruiii. 
id'certain <Anis/ih;,/ 'I’l ilol.ites . 

1 1 YUAOOI I'I'.A ('<v.lniiri'\ ;i shrew; - AA-v, form'. An order of tlie 
constituted for the i-cception of th<’ .diiyle e.-nus Uuraj . 

h n 1 iivoiioni'i.irr. ((Jr. A7//An.s, lish ; dmns, spear; lHhxs, .stone'. The fossil 
tin-spines (d' Fishes. 

h Il l'll YoMoi;i ii \ (dr. irhl)iii\ : shapeV An order of .Vmj'hihiaiis. 

rd'ten called rr'"hh(, C(»mprisil|o the lisli-liki- Newts. Ac. 

h nriiYoi'iniiiiiA MJr. : phih'ir, a hms.;. An order id' t '/a/sA/ror com- 

juisino animals Avhieh ai-e p.aiasitic upon Fishes. 

h II I ina ii si DA (dr. i'ltf/iiis; oy/s/.,, ,ippearam-e 'I’lie primary division ot 
r, comprising tin- Fishes and Aniphihia. Often spidsen of as the 

I ti'fi m' h ) n f >' I ! I'll hrutu . 

h il l IIYol'l KUYCIA 'dr. ir/il/nis ; y/A /a/.e, wilio;. All e.xtim t order ol llejdih's. 

1 1 in II vosA r 1:1 A ((ir. ii'/ilhns : unurn, li/aril. Synonymous with Ichilin'i- 
ph n/ijl'i. 

li.iDM. The haiiiieh-hone, one of th<' hones of tin- pelvic arch in the hiehei' 
\’ert(!hrat(‘s. 

I.MAi.o hat. an imaoe or ajijiaritioii). Tlie perfe. t inse(d, after it has under- 
gone its iiK-tamorphose.s. 

I M ni; D A 1 I D. Apjilieil to scales or jilate.s whitdi overlap one another like tiles. 

1N( I'-on fh.it. iiiriil.o, I cut;. 'I’he cutting' tet'th lived ill the intermaNilhu) 
horns <d the Miiiinmiliii, ami the correspond ill;,' teeth in the lo.wer jaw. 

I M.(vl'l[..\ I rUAI.. Havino the two sides uiie(|ual, as in the cast* (d th(' shells 
of the ordinary iLiiiiirlJilirniiilimlii). When appliisl to the sin II 

of tli'* Fiirinnixllrni, it implie.s that the (auivolutioiis ol the shell do not lu 
ill the same plane, hiit are olilifjuely wound roiiml an axis. 

T.NKQriNM.VK. Composed (d two Ulie(|Ual pieces or valves. 

I M' I Nl'inii.r.M (hat. for funnel'. 'I'lie tnhe formed hy the enaleseein' •*' 
apposition ot the epijiodia in the CijifialopoUo . dointnoiily teinn.d ti 

“ fiiiiiiel,” or “ siphon.” 
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I Nl'i'sor. i.\ (Lat. infustnn, an inrnsion). A class ol' J’roUKoa^ so oallcil lu.'- 
causc IIk'V ai'o often in orp;:inic infusions. 

iNoi'i.in'ri.A'i'A (Lai. in, vilinmt ; opiurnln m, a liil). Tin*, division of ynil- 
inoiiate (/itsfrrojiiiifa in wliich there is no shelly or horny ]ilate (o|ier('uluin) 


hy wliieh the 
I NS I ■( T A (hat. i 


elo.sed when the animal is withdrawn within it. 

cut into). The class of Arlieiilate animals eoinmonly 


I Nsta • 1 1 \ ( It! \ (Lat. i mn'ct iihi, an insect ; ro/'o, I devour). An ordi'f ot 
Maiiiinals. 

1 Nsi I Ti \ tti;ors. Tdvino u]'on Insects. 

iNsi s.suni.s (hat. ins.;l,',>, 1 sit nj«on). The order of the Perching Birds, often 
eallrd I’lissii-is. 

lNTi:i:\Mi;ri AdiA. Tlie rows of plates in an Erldnoiknn wliieh are not ]>cr- 
foiated for the emission of the “lithe-feet.” 

In 1 i;hma\ii.i..k, or l*t:.v,M ax u.i..i;. The two hones whieli are situated hetweeii 
the two superior ma.xilhe in /•-/•/,■/, ro/o. In man, and some monkeys, tlie 

oraonaxilhe am li vlose wil h the maxill.e, So as to he iriceognisahle in the 


witlmiit a spinal column or 
Iseiin M (dr. Isr/iinn, the hi) 


rvithout ; r,rl'hrn, a hone of the hack). Animals 
mil or haekl'Mlle. 

he hipi. thie of the hones of the pelvic arch in \ erte- 


sMi'oid (dr. Aos, cpial; feeiV All oixler of Crnslnco 

feet are like one allot lu'l' and e-nial. 


,lr,;rl,Al: ,pni«h„„. tl,.’ e«imrt.a Avilli. oi- uiy. Hy 

lln'Ml. Al'pli.a IM till' vvnfral lili' '•!' liSn's 'Vl..'li tti.'Vnlv |il;ia'. 'CIH.I 

nr in aih aiiee of t In- peeloials. 

<er. liM. Tl,.' T.-Viia.y 

,n avImaI, th,. , Alt"-'""''' 

i,..s- ,.|„s,-ly I.. tl..' .•xi.Miny Ouiia aiU lUni. 

«ir. I,..rn ; .i.Up 0,,,.). Tl,.- xu1,S„„a.- ,.l aaI.hI. 

s- i-i"', is lip. ,1 .ii 

Ki i;aios\. The division of Sponges in which Ho .k 
keiatode. 

-Mim-OHip). 

hM'.ni M (Bat. tor li]'). Kestiicte<l to tin nil ( 1 An cxtiin t 

l.AnvuiN'i'iioDoN ri A tdr. a airiin i. structure of 

s„ AAll.-.l in,., I tl,.- ,-,impl,^ "'eli-'T., 

, I 1 v nf IVoliUn eoniltfisiiig the 

Bm i nrii.iA (Bat. laerrta, a li/anlh An orde. ol 1 

Bizards and Slow-worms. AiiorderofhVc-s- 

B.nMoninoi) \ (<ir. throat ; (//-s, twice , 7>o< 'S y lAi-wmls as it were 

S„,-„ll,-.l I,,., Ill, -y llllVO 1 IV, > Ivol pl,IV.-,l l„l I,""""'- 

under tin* throat. , ,rilB, The class 


>tance of wdiieh the 


,K,x micivseoiiie structure of 


under the throat. , ,rilB. The eli 

oAMK.nnnmAM IlIA l A (Bat. hnH' llo, a I' ;*’* ’ ■ J l,v the pos.se.s 

sion of lamellar gills. 
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I.AMF.I.I.IKOSTRKS (Lilt. luiiuUa, a plato ; ro-stniiHf Ix-iik). Tlio llat-liillcil 
Swiuiiuin^' Lirds {Xahitoirs), such as Ducks, Liccsc, Swiiiis, Ac. 

l.AiiVA (Lat. ii luiisk). Tilt' iusccl iu its lirst .stii_<;c after it.s cuicr;^aui(:c tVoiii 
the when it is usually very dilleinit fioni the adult. 

Lakvnx. The ujijitT |)iirt of the \viiidj)i|ie, foiiiiiii;^ a cavity uith aiii>io|»riate 
iiius( les and ciirlilai^es, situatid heiieiilh the hyoid bone, and coneerued in 
^liiiiiijials in the jirodnetiou of vocal .souinls. 

I.l.x i K'L'l.Al: tLid. A /i.i, a l>e;uO. Shaped like ii biconvex lens. 

l.i:t‘l la IDKNKKON (Gr. Ii'pis, a scale; i/riidriiii, n tree). A ^n'liiis of extinct 
jdaiits, so named from the scide-like sears upon the stem left by the falling 
oil' of the Iciives. 

Li.i’ii'di'i I'KA iGr. /'/'/x, a scab' : p/icon.ii wing). An order of Insects, eom- 
pi'ixing Lutteillies and Moths, characterised by po.sse.s.sing four wings whieli 
ale usmilly covi-ied with minute .sr;iles. 

LiA'ii'orA iGr. A/n's, a se;de). Formerly ap)di(‘<l to the order Jh'/mni, con- 
taining the .Mud-lishes L' /lid'sir' n). 

l.l'.ITtK AllIlIA dd'. slender, xlnall ; fniiH'i, heartb 'file name givell l*v 

.Midler to the order of Fi.>he.s comprising the Lancelet, now calhal Hmrijit- 

‘Jnhi-'l ll'-llii 

1.01 Hoi'Honi; Cr. ;i erc't ; .alid p/icro, I ciiriy). 'I’lie dix.: or stage 

U]ion whiill the ti'llt.n lex of the me home. 

1.01 iivimi'oiiA (Gr. lojihuiiros, having still' Iniirs ; :iuil //odes, feetb section 
of ( 'nisfiti'ci. 

l.oiiM'AiA iLat. a cuirass. The divixion of beptilcs <'oniprising the 

< 'III li/tiiii and ( 'ruL'oiUlid, in which bony platc.s arc developed in the skin 

( th I'liiii ), 

1. 1 I l■;I;^■AnI^A l.at, huinid. a lamp . An ortler rjf the ////d; 

1.1 MICMl Lat, Iniiihiis, loin*. Coiine. t( d With the loilis. 

1.1 N.\ l i. I Lat. ////m, iiioon,. ( 'r< seeiii ic in sh.ipe. 

L'l I tmoiuAi I..!: tCir. /ay/o.s, a wolf; lootj. 'I'he group of ( 'lyptogamie 

plant.s generally known as “ ( 'lub-mos>es. ” 

.Ma< ni'KA iGl'. ni'ihro.^. long; oi//v/, taili. .\ tribe ot Decapod Crii.diin <ni.< 
with long laiL o.g., the l.obster, ,'<hiimp, .Ve.j 

.M A im l.l Oi; 1 !■ ohm. I’elfoiat'd with .-mail hobs, like a <'oral ; ajiplied to the 
luberele by whieh t ll e a IU bu hie | a 1 sV st e III of tllC llr/l I ilmh ilK-'i lllOstlV COlll- 
lliuidi sates with the exielior. 

-M A1,.\| o.s I i:A( A 'Gr. //o/Ad.o.s-, soft ; o^/iifinn. shell). division oftVexAovn, 
<nigiiiilly applieil by Aristotle to the entire elas.s bVn.vbo - o, beeaU.se theil 
•sliell- Wele .-id'ter tliall tllOSe of tl|e M ijl I d siil . 

AI.IA M,at. Iiiduniiii, the brea.st;. The class of Veilidirafe animals which 
stick le I heir VoltligO 

,M .\ .M'l I’.I.K Lat. Hill ml ihiil u III , a jaW;. The ilpjier pair of jaws in lllseits, 
also ap]dn d t<» one of fin- pairs of jaw.s in ( ' and Spiib r.s, to the beak 
ot Gef.halopods, tin; lower jaw of Vertebrates, .“vc. 

Ma.nii.K. The external integument of most of I he Molliisea, w hich is laigel) 
developisl, and toiiiis a cloak in which the vi.sei;ra are protected. lechlii- 
cally ealleil the “ pallium.” 

Ma.MM (Lat. the handj. 'I'he hand or foie -bait of the highel \elti 
brates. 
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MAUsiroi'.iiANriiii (Gr. ninrsipos, a pouch ; hratfchlu, Tlic order of 

I'dshcs coniprisiii;^' the lln;f-lishcs iitid Lampreys, with pouch-like 
Maiisi iu Ai,iA (Lat. iiKirsiipinm, a pouch). An order of Maiimuds in which 
tile females mostly have, an abdominal pouch in wliich the youn^t carried. 
M Asi K'A 1 ouv (Lat. iDu.stiro^ 1 (diew). y\ppli<-d to parts adapted for (hewill^^ 
i\1axii-I,.k (Lat. jaws). Tin* inferior pair or pairs of jaws in the ArtJiropoda 
(Iiisi ets, Crustacea, vtcl. The upper jaw-bones of Verlcdirales. 
Maxii.I.II'KKKs (Lat. jaws; y^e.s, the foot). The jimbs in Cvusfarrrt 

and Miiria/xiilo, whicb are converted into masticatory or<. 5 ans, and are com - 
monly call' d “ toot jaws.” 

Mf.im i.i.a (fiat, niarnov). Apjilied to the marrow of bones; or to the spinal 
cord, with or witlouit the adjective “ .s-yo'/io/k” 

Mtnrs.i;. An order of ////</eo:oo, commonly known as .Tclly-fi.slies 
Jiiiora, oi' pinr), so called because of the resemblance of tlieir tmitacles 

to the snaky hair of the Mclusa. (Many M(‘(liis<r. an* now known to be 
nu'rely lb-' yonojdiores of other 

Mf.cai.onvx iGr. myo'Cs ^ival ; nailt. ;\n extinct j^enu.s of kdentate 

Mainnials, 

M I'l ' \ I "S \r lU's (Gr. uO'i’is, oreat ; stdim, li/ard). A mentis (jI [)einosaurian 


I'tih' 


(<r/ov, itrcat ; On non, beast). An extinct }^<*i 


of 


Mkoai lit'.nirM (Gr. 

Kdeiitata. 

Mfko-fom VTA (Gr. no not, thiyli ; -Onnot, mouth). An order of tnislacor in 
wlii'di tlic app'-nda^o's whi'di an- phice.l round the mouth, ami which oHi- 
oiate as jaws, have tlnur free '■xtremities developed into walking or pre- 

hen.^ilc organs. _ . , , i. • . i 

Mfsfnfkkiks fCr. vmsox. intermediat-* ; intestniek In a restricted 

sense, th'' v rlmal plates which -livi'le the .somatic cavity of a Sea-ancmoiie 
' into (dianib.'rs. 

M iCr. -..--s 'O.I.ll.-; Oa). IV m.adl.- rort.mi .if t 1 ,.- 

“ foot ■’ (d’ .Molluscs. ,, 

Mfsosii'.iinfm (Gr. no.<ns, int.nmaliate ; shrnon, the breast- 'one 

middle portion of tb.' sternum, inl''rvenino I'ct ween the att.o luaii. o u 

s'.eond pair of ril-s and the xiphoul eartila-c 
,, ' . ,,, I ilu* cliestk he uiiddh' ini.Lt ol tlu. 

Mfsoi imuAX (Gr. ami /Amo.i. im cm. a. 

tlmiax in Insects. • i <’ i 

M life' The Secondary pieriod in to old, u.v. 

“ root .,r Ih.- Iiiiihl," an.l inl.-rvi-ii.- l.olw.-.-ii tlio ""i- -' j' - , -I, 

of |■.l|■nl ivliii-li i-ri'l.iin iiiiniiuls 

Ml;rAi-..|ilrM (Cr. mrl'i, .ill'-'- ; "" f' ■ ,, , 

in Mull.,,., : ..C.-n .-..ll.-.l tin, - ,.,.,-n-uhs,-,-nus loin-, '".."e- 
lln- „|„T,-uln,n «l„ n lliin slrn.-lni-'- '» 

Mnnsiiun ((Ir. 1,1,0. nll.-r ; ni.mth). 1 1, I 

in, mill pi, s|..|i..ily in till- , m,,. Imii.-s "liii'li 

MKi-M Aiimis (<;r. „„0,,.ri.-.-; "'f''' m, I.ljutl.clmnl r-t 

l„-t,v,-,.n lln- Imn.-.^ O' 'I'" n'lUli- nn.l Ui- 

of the hip;her Vertcbr.ites. 
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-M i;i A nitiUAX (Or. al'tiT ; thorax, the chest). The posterior rin^f of the 

thorax ill Insects. 

Micinii.KsTKs (tir. mikro'i, little; /(’.sfes, thief). An extinct ^^*nus of 'I’ria.ssir 
Maimiials. 

Mii.i.Ki'oiiA (Lat. miU<\ one thousand ; porus, a pore). A o( ini.s of “llydro- 
coralliiii‘s. ” 

Miocknf. (Or. UK ion, less; IxfoKw, new). The Middle Tertiary ]teriod. 

.Mol, Alls Malt, muta, a inill). d'he “ oi-jndi-rs " in man, orllie tci-lh in dipliyo- 
doiit Maniiiials whicli are not prceedeil l»y milk-teetli. 

.Mol.i.rscv (lait. iiioHis, .soft), 'idle suh-kiiiedoin wliiidi iiududestlie SlielMldi 
proper, tile Ptth(:oii, the Tn n irofii , ainl the Lanip-slndls ; so called from the 
eeiieially .soft nature of their bodies. 

•Moi.i.f.si oiDA [Mofli/sra ; (Jr. eh/ov, foriu). The hiwer tlivisioii of the 
l oiapri-ino the /’tilir,<>a, Tniurata, and }troihii‘j>iulo. 

Mo\oi.)i:i.i‘hia (tlr. lOotos, single; ilrtjihns^ Womb). 'Die division of .Vo?/NHo/h/' 
in which the uterus is single. 

■MoSd.M V.\i;V ;(Jr. .single ; 11100,1. nillsile'. Applied to those llivalves 

Lo oO lUhro orhtata in which the shell is clo'<‘d by a single a<iductor niusrh', 

,\ 1 1 1 \i (I'll Vo[)( INI Air. moioi-i : j,hn,,, I ocuerale ; odoos. tooth'. Applied lo 
lho.se Maniiiials in whii h only a sinyle set of teeth is ever di'Vclopcd. 

MoNol llALAMors it; r. »i<one> ; ainl (li'ilaoios, (diambei). iNosissiii;^ "lily a 
siiiyde chamber. .\pp!ied to tin* slu'll'. of Fnro inioi h r,/ and Mn! ! . 

MoNornj-.MATA i(ir. //ooo.s.- tr'iO'i. aperturei. The order of .Mammals lom- 
prisine: the l)in-k-mole .md F'-hi'Ino, in which the intestinal canal o[hiis 
into a ‘ ' elo.ie.i '■ eomnion to the dm ts of the urinaiy and generative 010, ms, 

M 1 1. 1 'l i.oi f i.Aii (I, at. iiiiillos^ inaiiv ; /oen///s, a little purse), Divided into 
many ehaml'eis. 

M u I. I \ I. V K. .\pplie<l to shells which are i-oniposed <d inaiiy pieces, 

•M It, ri Noct. \ (Lat, nnillo-;, many; iiioio/o, hool). The division of I'eiisso- 
d.o tyle I noiilates, in which e.ieh foot Inis more than a .single hoof. 

•M V i: I \ loll \ or .M V 1: loi’oi) \ (tlr. luorlns, ten thousand ; feet'. idass 

ol .//-/A/V/y/oi/o .'ompri.sin;,M.he ( 'entipedes ami their .illies, eharaelerised by 
their numerous feet. 

\ei:).iii s (Fr. ioti-i<\ motln r-i)f.j,eail, orittinally oriental). Peaily; of the 
t' ''.tnre ot moiher-of-jiearl. 

-N \ i Aioi:t.s (l.at. iiiir,, to swim). The onier of the Swimming Lirds. 

.^ Al Alol:v (Lit. onrt. to swim). Formed for swimming. 

1 11. Olio b’l seniblino the sin 11 of tin* Xno/ilos in shape. 

hi.iwi i i:' Lat. iirnos, a sinew). 'I’ln* rib.s wliieh supjM.rt tin* nn'inbraiieus 
wines of ilisei ts. 

Nl rn.u. (»i, ii’orov, a nervej. Conneeted with tin* nervoirs system. 

X 1:1 1; \ I'oi'ii v^.|.. f(;r. ,otiroii,n nerve; opoj,hiisi.s, a ]trojeelino part). 'I be 
‘'spinous jiioee,., ’ (,f a veitebra, or the proee.ss formed at tin* point ot 
junction (,f the neural arches. 

.N 111 in U’ I i;i! \ ft!r. /itoron; and /drron, a win^). An order of itisi'cts charac- 
terised by four nn-ndiranous winosvvilh numerou.s reticulatetl nervures 
I traeon-llies). 

.XocTi'ii.sAi, iliat. //o.e, ni;dit). Applied to animals which are ai five by ni),dit. 

X'ln.MAL (laif. norma, a rule). Confonniii}^ to tin; ordinary .staiidanl. 



(iLOSSAPtY. 


495 



tl I' '^ '■"*•')• A infill IS o| coiii-shapctl Foraunnifcrs ol' 

tl..- Foc.no i.cruKl. Ofi.,, s|.okcn of as “ Aunininlitcs. ” 

I ('onnoct<sl with tl.e ora,n,/, ur tlio hack part of tl.e In.-aA 
' f-'M' . Apph.d to animals which iiiliahit tho open ocean ( - pelagic) 

0. KM t .Imnnutivc ..f The suuplo eyes of mm; F^liino- 

'hi ms, Spnlers. Cnistaceans, Molluscs, ike. 

'>• ruia.,.A ((;.•, OCM, ei.ht ; h.nt). The triho of Cuttle-fishes witli ci-ht 
•‘iiiis attached to the head. 

(C,-. ,vl,.l..,. Tl.„ “tonttel" Wl.alos, i„ 

''"iitradi.stiiiction to the “ whalels.iio ” Whal.’s 

"..■■vn.u. (Sr Tl,.- " ,.,l„nt„i,l i» ,I„. 

«>,ly II... I,rsl ...■,-vi..„| v..rl, l.,.a U is ,loi„,|,.,,l ,i„, Silas 

“",1 IS usually an, -I, yl.,s,..l will, ll... s,.,.,:„i,| ,a.,-vi,.al verttbra (aais), all, I it 
h'liiis the pivot upon wliich the head rotates, 

"I'ON n.i'HoKi; iCr. o,/onv, tooth ; /-/o/v>, 1 carryk The .so-called “tongue,” 
"I' masticatory apparatus of t/os/cM/../,,, /•/,/■, v.e/o, and ' 

' ..^oi'ii.Mirs, lhe^r„il,.t or Inhe leadino liom the mouth to t!ie .stomach. 
">.rmiC)i..r.i \ (dr. o/h/os, f.-w ; -Ao,/,.. liairk .\ii onler of .tunr/h/a, com].ris- 
iiicj the Icartli-Woi Ills, in which there are few hristles. 

MNi\(ii,(ii si l,at. everythin^; ro/’o, 1 (h'voui'). Feeding itidiscrimi- 

Ii'ilcly iip.m all sorts of food. 

•'m:i;cci.\ r,\ (Fat. i>/„ rrn/iim, a lidk A «livisioii of juilmonate hV.v/ie(Vwi/(^ 
'll which the shell is clo.scd hy an o]»crculum. 

I I'a ' I. I'M. \ horny or shelly plate developed in ciitain upon the 

liiiider |iart, of the foot, and serving to clo.se tin- apeitnre of the .sinll whim 
l>ic animal is r. traeted within it ; also the lid o| tin .sh.ll of a, iin!,u>i.s or 
•\corn-.shelI ; also tln‘ chain of llat hones whit li cover the .'ills in niauv 
lishes. 

(dr. o/i/ds, a serpent). The order of Ileptiles comprising the Snakes. 

* h'in Dun \ 1 ij \( 'll I ^ p;i-_ hut riiclios, A froe). Sometimes applied to the 

"ider ot Snake-Iike .\ni}>hihian.s comprising the Co , i/e'. 

F|'II|oM()|;|.|| ^ , .sliape). Tin' order of eoiiijilis- 

i"K the ('irainv. 

^ *i'iii I’lidi K].; \ itp/iis, snake ; on;',/, tail ; » h/o.s, form). An ordei' of h'r/iiiio- 
eoiiiprisinj' the I'uittle-stars and Saiid-.stais. 

* h’lsi (loin; ASi'iiiA r.v tdr. diHsIfini, hehind ; hnn/cliin, oill). A division of 

in which the eills are jdaced on the posterior part of the 

hody. 

* d'ls'i iKnajyj u, la'liiml ; Fo’/os, hollow). Apjdied to vd'tehia', 

llm hodie.s of which are hollow or concave behind. 

■Fi.vn (lait, n.s, mouth). Connected with the mouth. 
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Ormtiiodklimilv (Or. ortiis, a lunl ; drlpfius, womb). The primary division 
of Mammals eomprisiiij^ the Monotrciinitd. 

Oi:NriHns( l',l.Il>.\ ((Jr. o/aj/s, lord ; ,s7.(7(w, le<f). Applied hy Huxley to the 
] )eiiu)sauriaii llepliles, lonether with the ^eiius Ciniijisoiinol/iiis, on aeeoimt 
i>t the hird-like eharart^ r of their hind-limhs. 

t >i: inut'KR.vnmK ((Jr. orthos, straight; hrus, horn). A family of tlie Aa//- 
tiliihr, in wliii h tilt' shell is straight, or nearly so. 

Oiti'Kon I'.HA (Hr. orthos, straight; pfiroit, win”). An order of Insects. 

(Js>iri i,A (l.at. diminutivi' of os, hone), l.iter.illy small hones. Oftt'nnsed 
to di'sionate any hard structures of small size, such as the calcareous plait's 
in the inte”ument of the Stardishes. 

( ts 1 KAcouA ((!r. osfrohoii, a shell). An order of small Crustaceans which are 
enelosoil in hivjilve shells. 

Ojoi.rnis ((Jr. aifs, ear; ami liflios, stone). The ealcareous hodies coimeeted 
with thf' scn>.t‘ of heariii”, even in it-' most rmlimenlary form. 

Ovarian \’ msici.ks or C.m si i.i.s. 'I’he ocnerative lunls of the S' rlaldriihi. 

I’ai'IIYUi u.M "pitrhiis, thick ; d'liim, skin). .\n oM .Mamnialiaii onlei 
coiistituti'l hy Cuvier for the rcct'ptioii of the h’hinoccros, Hippopotamus. 
Klephallt, JVC. 

r.vi..t:"N loi.wi.v (Gr. /xihilos, am ient; onto, heinos ; and Atj/os, discour'-e). Tht' 
sidciice of fossil remains or of extinct oroaiiisetl licinos. 

r.\l ,Ko| UKUiuAt ((Jr. jutldios, ancient; flor, heasl). A oroup of 'reitiary 
ITi^ulatcs. 

I’ai,.ko/.o|i' (Gr. pntdio^, ancient ; and :oc, life). Applicil to the oldest of the 
Ofcat iloydcal ejioi hs. 

I'ai i.Io|',i;am iiiA TA (f.at. : and Or. I'rn'irhio, ojll). An oM name for 

the J!r'trln'oj„„lil, foUmletl Upon tllC helief that tilt' systelll of tuhcS ill the 
maiith' coiislituteil the oills. 

l’\I.II' M (I. at. J'tilliii/Ii, a cloak'. 'I'he mantle of the .l/o////.scn. Pdlloil: 
relatine; to the mantle, /^///^o/ li,ii >>r imitrrssioii : the line left in theilcad 
>hi ll hy the inuseiilar mar^'in <d'thc mantle. / V/ ///<// .s/o7/ .• a shell which is 
o i'ictid hy, or coiitaini'd within, the mantle, such as the “holie” ol thi' 
( 'utth-ti'hcs. 

I’M.l'I (Cat. I touch';. Ih'ocrsse.^ snppo.sed to he ol-oans of touch, deveh 

oped lioin ci-rt.iiii of the oral append.i'p-s in Iimccts, Spiders, and Ciustauea, 
and from the siiiesof the mouth in the Acephalous .M(dluscs. 

I’Ai'ii.i.'i tC.'it. for nijtjde). A minute soft prominenee. 

l’\l:\l'o|UA (ill. /x/rn, hrside ; jioilts, feet). 'Che uiiarl iciihited lateral h)('o- 
motiv proces'.es or “ foot -t uhcfcles ” of many of the AnH'lidd. 

Tauiki Al, 1 1,at. jsirirs, a wall). Coniiecteii with the walls of a. cavity or of thi' 
body. 

I’AiAun M (Cat. the hordef of a dress). Applied to the exjiansion of the 
inteoiiment hy which Ifats, Flyiii” Stjuirnhs, and other animals siijiimil 
then.^elve.s in the air. 

I’a 1 f.l.i. A. The knee-cap or knee-pan. A se.sainoid hone developed in the 
tendon of insertion of the oreat extensor muscles of the thit(h. 

I'la TIN AKJ (Cat. iiidni, a eoiiih). Coinh-like; ajiplieil to the ^dlhs of cortain 
fj'tiAf' rojrjds, lienee called I'kcI i n ihrn nrh idl(t . 

I’F.e'ToKAL (Cat. prilas, ehe.st). (Joiineeted witli, or placed Upon, the ehest. 
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ri.DAT, (Lat. pcfi, tho foot). Coinipctf'd with the foot of MoUuarn. 
rKitiCKLl.AiM.K (Tjat. pnlicr./lus, !i louse). Certain siiif^ular appeiidaf'cs foinnl 
in many Krhhhxh'rnis, attached to the surface of the body, and rescinhliii'^ 
a little beak nr forceps supported on a stalk. 

I’i:nii'i,K (Cat. dim. oi' prs, the foot). A little .stem. 

I'KDirAMM (Lilt. foot; iuul jxilpn, I feel). An order of Ararlwiila ('m\- 

pi'isino the Seni'jtions, Ac. 

ri'.in’Nci.i’. (hat. pidatu'itliiH, a stem or stalk). In a restricted sense api'lied to 
the mnsenlar ]iroe(*ss ]>y which certain llrach lapodx are attached, and to tlic 
stem which hears tlie body (ca])itnlum) in Uarnaclcs. 
ri;iirN<'ri,A ri',. ro.s.sessing a pednnele. 
rKi.AOK' ((ir. jirliKjos, seat. Inhabitin'; the o]ten ocean. 

I’r.i.vi.s (hat. for basin). A])plied, fimu analogy, to the basal portion of the 
enp (co/y.et of Ariiiutds. The bony arch with which the hind-limbs are con- 
ni'cted in \’erlebrates. 

i'r.ni'.NMi’.KANOinAiA (hat. pnrnnl^, perpetual; Or. hrarirhla, <;ill). Applied 
t.) tlnese jDijdtihid \n which the ^dlls are permanently retained throiv'^hoiit 


llle. 

rr.m; xaikniackoI's (I, at. p<r<f<()nnin,]Y.\vv\n\)v]\{\. Of the te.\lureof ]).arehment. 
l-i:i;i<.sTi; sn m (Or. prri. amund; and ".sV/'o/.m,, .shell). The layer of eidderniis 
which covers the sludl in mo.st of the M<dliisni. 

I'l.msnMK (Cr. /xri : and sn„u(. body). The coriaceous or calcareous integu- 
ment of the /v’e/z/ao'/c/o/mto. 

I'lTiss.Mmorvi.v iCr. prrissos-, uneven ; d«lf)ths\ linger). Applied to thos(‘ 
lloolVd (hia.lnipeds [r,uj,ih'Ui) in which the feet have an uneven luimber 
ot'toes. 

I’l; I'A i.di i». Shaped like the petal ot a llower. 

I’ll M,\N<;r,s ((tr. ph.danr, a row). The small hones composing the digits ol 
th, hi-her r~ rtYhraht. Normally each digit has three plialangc.s. _ 

I’ll \M. inmAMs (Cr. ih>,nm>s, visible ; go/cos inarriagek Plants which have 
the oreuis of reproduction coiispieiiou.s. and which bear true Ihmvr.s. 
PiiAUVNm.imAN.'iin (dr. ph'<nnjx, pharynx; Imvphut, gdP. 1 he ordei of 
Pishes comprising only tlie fianedet. 

I’iiAUVNX. 'I’he dilat'al commencement ot the gullet. 

PiiKAc.M AcoNr: (Cr, phrif'im'i, a]>artition; iind/mno, .1 «om . iU 

portion of the internal shell of a -m iivCtoo 

I'l.vi.Arn.i.^lATA (dr. /./.«/,«.>, I KUAni; 

.1|' I'oliiMt ill ivlii. li 111.- rii..iilli is I'l'.ivi'liil 'Vith tl'i a''1ii'. '.i '« i 

known as the “ epistome. . 1 . . f r • /s7 rco 

I’ll vi.i.onoiiA (Cr. p/nilloii, leal; and /"U/.s, foot). • •' 

(dr. air.liliul.liTl A,i.l I dim;. An ..uUi 

Ci'caiile /{iiilro'.na. S m I n- A 

PliVToin (Cr. pfndon, a plant; and ridos. lorni.. pp^, (.eating, or 

I’ll V roi'ii .\(;nrs ((!r. jdinlon, a |>lant ; and jc/oTf/o, »• 

(i:;:,; w,ioA.shAH -.1,.™. 

i-,am:l,.a (Cat. 1 walk). T'- 

.■,,,,.|,nsinn U.,-.4lsan,l Walruses, a.ia,.t,sl for an a, laali. 1.'-. 

I'iiniiprdiir. j 
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riNNri..T-: (Lat. dim. of piinut). Tlio lateral jiroee-sses of the arms of (Ji'innids. 
I'iscKs (Lat. inscis, a lish). The class of Vertehrates (“uinjirisiii^f tlie Fi.slies, 
ri ACKN i'A \Lat. a I'uke). Tlie “ after-hirth,” (tr the or^aii hy wliieh a vascu- 
lar ooinieetioii is established in the hij^her MummoUa between the mother 
and tlie hetiis, 

ri.ArKN l Al,. I’osse.ssino a jdaeenta ; or eoniieeted with the placenta. 

Pl.ACnii) (Or. a plate ; i idos. form). v\|»j>lied to the irre;.;ulai- hony plates, 

erains, or sjiines which an* Ihmul in the skin of various llshes {Eln^uio- 

In'iliii'/iii). 

ri.AoiositiMi (Or. jdnijias, transverse; donut, mouth). 'I'he Sharks and havs, 
in which tho mouth is transverse, and is placed on the under surface of the 
head. 

I’l.AN rioUADK (Lat. jthiiifii, the sole of the foot ; ijrndior, 1 walk). Aj'jdyine 
the sole of the foot to the orouiid in walking. 

I'l.A-Tinix. The lower or ventral portion of the hony ea.se of the Clielotiians. 
Ih.ATVUinN A (< Ir. broad; rhiius, nostrilsi. A ;,n'oup of the (luutlnttnunu. 
ri.i'.isTocF.Ni; (Or. pA'OYo.v, mo.st ; bduos, new). Often used as synonymous 
with “ I’ost-l’lioeene.” 

I’l.KcmiiioM’ (<!r. I'huiioii, rib, side ; odmis, tooth), llavin;.' the teeth ancliy- 
losed with the inner side of the jaws. 

ri.i'.i'KoN (<lr. urou, a rib). The lateral extensions cd‘ the shell oiCi’tiduou. 
I'NKi MAiio (Or. inu iirutt, air). Filled with air. 

pole ii'iil'il A I,MA 1 A (Or. /loii.s, font; and ('I'lillotl n\o^, <‘ye). The division ol 
(frustacea in wliieh the eyes are bunie at the emi of lony' foot stalks. 

I'l'Ll.KX (Lat. the thumb, ’. 'file iniierniost of the five iiornnil digits of the 
anterior limb of the higher Veilebr.ites. In man, the thumb. 
roLVi'VsTiNA (Or. jiiihis, iiuiiiv ; and kudis, a cyst). An order of I'rolo'.uii, 
with foraminaleil siliceous shells. 

PoI.Vt’AUY. 'file hard i liitilious covering seciadid bv iiiaJiy of the Ifi/di'njfK. 
f’oi.t i'i; (Or. fniliis, many ; jioiis, footj. Kesirietul to the single individual ot 
a simple /tdiiurjtdn, .such as a Sea-anemone, or to the .separate zooids ol a 
compound Jdido'."Uii. Often applied indiscriminately to any of the Cuhn- 
firu/u, or even to the I’uljr.iiu. 

I’onvi'iiii;. 'fho separate zooid of a 

I'oi.vi'iiiuM. 'fhe dermal .sy.stein of a colony of a l/iidr'Cooti, or 
I'l'LViii K. The sejiarate zooid of a lliidruvioit. 

i'oi.V't II Ai.A.Miti's (Or. /joins ; and t/uilomos, ( liamher). Having many cham- 
bers; appliisl to the .shells of Furoutiiiifi m and (!< jJuilo/jodo. 
i'oi.vzoA (Or. jioliis; and '.oo/i, aiiinialg A ilivision of the Molbisrouht com- 
pi i-,ing comjiouml animals sm h a.s the Sea-mat — Homctime-s called 
Jlrjiozt'ii.. 

I'oi.YZiiAi.'ii M. The dermal system of the e(dony of a /'o/yaabr ( - Polypidoiii). 
I’oUCKM.AMU s. Of the texture (T porcelain. 

I’oniFF.i; A f I ,at. /x/o/.v, a pore; and //To, 1 carry). Sometimes u.scd to designate 
the Ftiioininifrnt, or the S/>oiiijrs. 

I'lisr-AN AL. Situated beliind the anus. 
l’(iST-rF.siii’HA(;c,Ai.. Situated behind the gullet. 

I’osi -OIIAL. .Situate(l beliind the, month. 

I'U.KM A .X I LIA', - sr,r I nti l lii.ixilhe. 

l‘i’./i-:.M<)i.Alis (Lat. //nr, lielore ; uu/ltirts, the grinders), 'fhe molar teeth ol 
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Mainrniils whii li succeed tlie molars of the milk-set of teeth. In man, the 
liicusidd teeth. 

rKu:-U:;s(triiA(;i'.Ai-. Situated in front of the gullet. 

ri:.K-.s'i i:i:Nr.M. The antei-ior poition of the hreast-hone, corresponding with 
the inifinihriiiin stmii of luunan anatomy, and extending as far as the point 
of ai t ienlation of the second ril). 

I’minosi'iDi'.A (Lat. yn-o/xwA, the snout). The order of Mammals comprising 
the Elephants. 

I’i:n('(i:i,(irs (Cr. ///“o, he fore ; h>ih>s, hollow). Applied to vertebra-, the hodii-s 
of which arc hollow or concave in front. 

P in >!■( u*! r M (tlr. yon, helorc j y/oos, foot). Ihe anterior part of the loot in 
Molliis.-s. 

I'misonuANciiiATA (Er. yonvon, in advance of; hni^iclria, a gill). A division 
of (:astcro].ndons Molluscs in which the gills are .situated in advance of the 

1'i!o>!!.ma (dr. pro, before; sonw. Inuly). The anterior part of the 

Pi;nr!n’.i:AX (dr. pro; and t/wrax, chesth The anterior ring of the thorax of 


insects. . 1 , 

Prnl.miivr t (dr. p^fu..- and phoho,. plant). The lowest division ot plants. 
h;„„nAsM ((ir. :,„a 1 m.M.l.O- Tl,. C.-n.oi.Ory k.s.s „l 

organised tissues. Sometiines used synonymously for the ‘ sareode of 

lkln-orni>iTiri(;i'. '■"■■S; '"0 / I'"""- 

tvi'ii'al limb of a (V/'v/oeeo//. 

Ik.'.'ozoA (dr. AM.l :».0, The Owesl ,l.v...,ou of the an.mel 

o.u'xAt'irii.ot. nex.v to ih- 

.liv,.ly.r,.x,.,l exuvio.ly of o litol. or of an oritaii.x.ii; or to the emi u,.iu..t 

0,1.11 V ■ -Ill.l fool'. Tlio oxicnsioiis of tlie 

1 .-rriltil'nlH A ((<r. yocn</('.<, t.UMl t . ami /, , * „,x,1 n.'lil, h 

bo,ly..suh.sU„ee tvhiel, ore |n.t forti, hy the /.7,do/.o,0 ot tvill, .muI 

'•■■''VO for an, I |.|Thel,xn.l., ^ 

Pir.mmoDA (dr. j>trno,, wing: ami poo^, foot). - 

swim by means of fins attached near the head. K,ptiles. 

'■d lo-d-Ki.t Idr. , wh,y: .x-r.,, hrar, Ax.- 

Pri;is (l.at. ym/-cs- hair), 'fhe .share-bone, om of tin 
the composition of the pelvic arch of \ citfbMtf.s. 

Pri.Mt,(m.M Ki;()i-oi).\ ( Pulmoiutera). Pv means of pulnio- 

Pi i.MoN Mil A. A division of //mc/i/in/n wluc i 

1 / , , 1 oarrv). The division of Mo!- 
I’ri.MftMi' Ki: \ (Imt. puh,\o^ a lung, ami/- m . 
lusnt which breathe hv means of a pulmonary chamber. 



'.Tadki MANA (Eat. qxatuor, four; em.Mcv hand). Ihe oida of 
compri.sing the Apes, Monkeys, Ikihoons, Ecmur.s, cV.. 

IlADiATA (Lat. radius, a ra, 


,y). Konncrly 



GLOSSARY. 


;“(]0 


wliii'li arc now placod in scparato sub-kini^tlonis {f.g., tho Co'h'utrrafn, tlu' 
Ki'liimidcniuiht^ the Jii/nson'a, &i‘.) 

IlADlnl.ARiA (Lilt, riidiiis^ a I'iiy). A division of Pir>fn:na. 

1! Aiurs (Lat. a .•^poko or my). Tlio iiiiivniiost of the two Itones of the forc- 
iinn of tlu' lii^divr Vorti'l>r;it«*.s. It carries the tliunil), whioi ]>n'scnt, juni 
corrt'sponds witli llic tibia of tliv liind-limb. 

Lami s ([.at. a loiincIiA Applied to oacii half or braiiih of the lower jaw, (>i 
nuindililf, of Vfrt(‘i>mtfs. 

1!aitoi;i> il.al. I idnmb rb 'I'lu’ order of the I’inls of ri'i'V. 

IIamikf.^ (Lilt, iifil', 1 seratehh The older of the Scmtehinj,^ liinls (Fowls, 
(fce. t 

h M ir.K (Lat, Tirf'S, a raft). A]>]died by Huxley to tlie t’ursorial birds, whieli 
do Hot fly. and liave tlierefore !i mft-like sternum wilhout ;iny median ke( 1. 
L’K' Ii m (Lat. r'-rfii'!, straiolit). 'I'lie tciauinal ]>oilion of the iutrsiiual ranai, 
ojteuiiio at the .<urfaee of the body :it the ;inus. 
bri'llM.v (Lat. r-pfn. 1 erawl). The (dass of the J'rr/rl>riif>f, eomjirisiiie the 
Tortoises, Snakes, Lizards, (droeodiles, .Vc. 
h'i;v).i:>i;i). Applied to spiral rnivalvev, in whieh the direetion of the spiral 
is the reverse of the normal — 

lliiizoeiiA'.A ((ir. riit'ji, root; 1 i-atl A yroup of the Mar'-upials, 

il il i/.oi'oOA (dr. rlii-.’i, a root; and y-o/s, fuwl ). 'Idle di\ i.-dou of /Ve/re.oi/, eoiu- 
pii'iiie all tlio>e whieh are capable of emittin;^ psiaidopo(iia, 

III! VNf'Hoi.iTKN (dr. riniii</n,s^ lieak ; and //7/o-v, stone). 1 >eak-,diaped fos.^il■. 

eollsi^tine of the mandibles of t'-y-Ao/nyy-^A^ 
lo'i'FM'lA ll.at.ror/w, 1 ojiaw). An older of the MiUnni.iIs ; often ealled 
( Lat. i/lis, a dormou^e'). 

IIr);o-.A (Izit. ///y/os//'., wrinkledt. An ruder of doiiils. 

llr.MlSAM IX (f.at, niii\inn,\ I i heW the i ml). 'I'lli* er,,up of Ibeifed l,)undni- 
p(;d> 'ii'jiihiOi j whieh “ ruminat*' ’’ to ehew tlm < ud. 

Sai iii’M, The verttd»ra- (u.smilly iinehyloserl) whieh unite with the hauneh- 
boiie.s (rVo/) to form tin- pi 1 vis. 

Sami-('ANa(, (- SihSK-can \ i.>. Thr^ tube by whieh Water is coin t'Ved froia 
the exterior to the amhulaer;il .system r»f the l-jl, i ,infl, rnii'fii. 

Sai:('<i|(K idr. ’>'//•/•, tlesh ; rd/os, form), ddie jelly-like .substaliee o| uldehtlie 
bociies of the /VoAe.oi/ are eom|)osed. It is an iilliuminous hody roiitiiiiiin,'., 
r)il-yraiiu!e.s, and is .sometimes called “animal protoplasm.” 

.Saio oiH' (dr. sfir.r : ami n'llns, form). 'I'he .separate anio ldform particles 
whieh ill the aoor<-;.(,ite make up the. “ llesh ” of a Spouoe. 

Sai i:i.\ (dr. vouco, a lizard). Any lizard-like llejitile is often spoken ol as ;t 
“ Saiiriiin lull the term is .sometime.-, re^triided to the droeodih's alone, oi 
to the ( 'roi-odile.s and Lai'r-rtiliaiis. 

.s A r mit'.A I CAfil I \ (dr. .vnirn. ; hnf nirho^^ froe). Sruneliiues applied to th' 
ordei (jf the tailed Amjrhibians ( A.V<r</i7n ). 

.Sai (dr. .sm/cr/. ; ami oyn/v, appearaneo). 'Fhe name oiven hy IIu.aIa 

to the two (daH.ses of tin; Rird.s ami lb'|itih‘s colleetividv. 

SArmu'i Ki’.YciA (dr. stnint; f,frnu\ win^'). An extinct ordrT of Keptil' N 
eallerl hy Huxley Ph-Puruiii f'm ^ from tin* typirail f'eiius l*li'sii)Siiuf)i't. 

Sa I nr i: K (fir. 'iaurtr ; oi/in, tail). 'I'lie extiuet order of I'd ids (’omprisiiif^ <>nl) 
tlie Arn/iifiijiff'iiji'. 
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Sc.vn''"I:K'^ (L:it. .srftndo, 1 climb). The onkr of tho Climbin^^ Linls (I’urruls, 

Woohprekers, ikc.) 

ScAri'c.v (L;it. for shoulder-blatle). The slioulder-blade of the iteetoral iircdi 
of Vertebrates; in a reslricteil stmse, tlie row of plate.s in the enp of 
CriiKiids, whieh j^dve ori^^in to tlu^ arms, and are usually e.alhal the “axil- 
lary radials.” 

S( i.i:i;i;N(' 1IVM \ (Gr. .v/Vems', hard; and eiichuuiii, tissue). The calcareous 
tis.sue of which a coral is eompo.sed. 

S( Li;i;oii\sif (Gr. s/J'i-us, hard; l>»sis, p-de^lal). The coral which is pro- 
duced liy the outer surface of the iiite;tunient in certain Adimeoa {t'.fi., Red 
t.'oral), ami forims a solid axis which is inve.sted by the .soft parts ol ihi' 
animal. It is called “foot-secretion” l>v Ihina. 

Si;i.I'.i:o 1 )i;i:mi(' (Gr. sklrfos ; and (/e/ mo, skin). Applied to tin; corallurn which 
is de[»osited within the ti.s.sue.s ol certain ^Idino'xia, and is called “ tissin^- 
seei'elion ” by Dana. 

S( i.r.mei ic (dr. sId' r<is, hard). Tin' outer dense librous coat of the eye. 

Seoi.KClKV (dr. x/o/e./', Worm). A division of the Aftiiitloidif. 

S( r i v (Lat. xt’itl ii'iii, a shield'. Applietl to any shield-likc plat(‘S ; (especially 
to those whirh aic devadoped in the inte;;umcnt of many Reptiles. 

Si'i.Aviii.v or Sr.L\( tin (Gr. sA.fdtus, a eartila-inous lish, pr.hably a shark), 
d'lie sub-order of ih'/n i, comprising the Shaiks and D<.)o- tithes. 

.Si;i'io.>rAinr,. The internal shell of the Sepia, coinnioidy known as the 

“ cuttle-bone.” 

Si:i'i.\. I’artitions. 

'<i;i;ri;siiFo);,\i. Ib'sembling a .serpent in shape. 

Si'i; I ri,Ai:iii.\ (hat. sirlunt, a wreath). An ».>rder ol Ifntho.oo. 

S|-.sMl,i: (Lat. .v',/o, 1 sit). Not supported upon a stalk or peduncle ; att.iched 
by a base. 

Si i .K I Lat. bimtles). ftristles or loii^i; still hair.s. 

.''i.rii'i'.mii s. Supporting bristles. 


Si.i i(;i:i;(it s (- .Setiterou.s). 

Siiiiisi:. I’.ristly. 

Sii,ii,i,\i;i"ii)'' (Lat. si'iillii, little images), 
whic h Si:idhin<t is the type, .m» called from 


A grou]* of extimt plants ol 
the .seal-like ni.irkings cui the 


,lied (o tlie direc- 


Sii.ii lams (Lat, .svVe.c, Hint). Composed ol Unit. 

SIMM |:\ 1 , (Lat. suiiAr.,, the left h.indb Left-hamh ^ ^ 

tion ofthe.spir.il in certain .slndls, which are .said !-• "■ " ■ 

S.n.oN v,;./,...., . tuhO, A|.,.li.a lo .1- .ul-. m, ,1,. .VC- 

///.se,/; nlso to other tubes of dillereiit fuuctmn.s. 

SieiiiiMM'iiniiA (dr. siphoa ; and 1 caii\'. 'y' ^ 

comprising the Oceanic lorms (C<(///c< 7 '/o'/ o/c' ami 'J- J pV/Vere- 

Siem.N.isK.MArv (tir. x/p/m// .• and shnxt, mouth). * ‘‘V " 

,o,/////,s d/o//msr.x. in whi.di the aperture of the .shell is not e tn., 

o,- o. 

•SlI'llfNci.K (lail. siphuiunhis, a little tula,. j 

Ih,. variou, vl,a,„l.os „r tlio ..holl of ocvlan, (•./*../.'/«(-' C' CO 

I’eiirly Nautilus). . , . v \ i iHtrlhrojiodit 

bil l s. I IMIIIKA (Lat. siphinu-iilns, a little siphon). A ch.ss 


[A iiin<los((). 
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SiitKMA (Gr. srirrtt, a niennaiJ). Tin; ordi-r of Mammulifi tln' 

Oui^Dii^s and Manatees. 

SoiaurNta'LA (Lat. solid; ini'jiiJn, a hoof). Tlic oronj> of Iloofrd 

(hi'''ilrn]it'ds conijnisini,' tlio Horso, Ass, and Zid)ni, in whioli each foot has 
only a sinylo solid lioof. Ofti'u oallod Si)li/inllt(. 

SuMAiio (Gr. .S’-*///", bodvM. Goiiin'otod with tlo' body. 

SoMi i i; (Gr. so/////). A .siii"li* Sfoinont in tbo body of an .Vrlionlate animal. 

Sn:i;.\iATo/i)A (Gr. .s/*- /-/////, si-od ; and vibn, animal). T!o' micro.scopic fil i- 
im iits wlii-'li form tlio ossontial "oiu'iiitivf (doiiicnt of the nialo. 

Si'irri.s iLal. sjii.'tihi ui, a]>ointA I’ointi'd m-oilb'-sha|>(‘d bodios, 

.Si iKAi i.is (lait. .s/'/'/’u, I breatlu*). The broat bino-j)<*rcs, or /qu-rturi's of the 
bre.ithino-tubos (traohoio I of Insoots. Also the .siiiolc iio.slril of the llay- 
fi-hes. till' “ bl‘>w-liolo ” of GotactMiis, .See, 

Si'i„\\i'iiN(isKi:i,i:roN i;Gr. sjihnirhnd, visoera; sbl'fos, tlryh Tlo' hard .slri] -- 
tur-'S ocoasioiially dovt-lopod in o'innooti(»u with tlo' iiitoinal (»roaii.s n: 
vi-oera. 

S i'( •Ni . i'- 1 - A r.Tt/'Lrs - ,s/v Sarcoids. 

Si -t,Ni:ii»A (Gr. sy//».///"s, a .sjioiiof ;. The divisi<in of /’rnfo:o>i ^■t>mmollly known 
!i.> S[ ionics. 

.Si.>i SMAl'A G/at. S'///*////-/, a scab’s Tim divi-ion of Ib’ptih’s rom|irisiii'4 llie 
iijijihlin and ly'cii-! ili'i, ill wlji.'h the into.ynnmnt develops Iminy .scales, hut 
there .are no derni.il o.sdfn atioim. 

S rm.i!: 1 1 ) \ (Lat. slat'. .S-nimtinie.-, enij>loyed to designate the order of 

til-’ Star-fi dies. 

Si KI.I.IFunM. Star-shape.]. 

Si);i:m .M (Gr. 'idle l>reast-hoiie. 

Sun.-iN (il'. s/. ////.. ,t Mliditl" f-.llhi, Olfdlools. d’he eonneetili" l'roee>Se- 
of>areoile, in F"rii minihrii ; tie- .oun. -I ill" tube in tlm so-ial . /s ■/'./////(m 
the proees'cs sent ./lit by tlm e-i-nos.ir'’ of .-eitain 

SioMAi'oiiA (Ir. •./■'///*/, mouth; ///*/*'., foot). .\n order of /'/■/*■./-//■- //. 

S 1 oM A 1 o|)i; ( L. .s 7 /////-/ . Iti.^^i’.s'iino a im.*ulh. The //////''.//•/o are thus oltcii 
ealh'il tlm Stoiiiato.le I'rnhr.nii . 

S M’ i.i'.-i i- rri: \ (Gr. i twist ; atnl y*///v*//, wiimr). .\n order of Insect" 

111 whieh the aiiti-iior wiii"s are repr. "<’iited l.y twmte-l nidimeiits. 

Si ni i oniiiN \ (tii. './/-y*//-*, I twist ; /-/i///- s, noitril"-. ,\ "loup of the <biad- 
rtiiiiana, olt- n sjiokcii o| as /bov/ ////*/ , 

Si vi.iion.M il.at. .s 7 /////,s’, a j>oinle>l instrument; /'.//•?////, form). I’ointed in 
.sh,i]ie. 

Si i;-( At. I ACKoi s. Somewliat ralcarer/ns. 

Si n-( i.\ I KA r, N’. arly eeiitral, but not <|uite. 

.Srr,-i i:i)i Ni'i'i.A rK. Suj/porte.l upon a v.-ry slmrt stem. 

Hr i!-.sK"."i I, i;. Neatly .se.sdlo, or witlmut a stalk. 

St iruF, (l.at. s///,, I .sewj. 'I'll.’ lim- of junction of two jiarts whi.h are 
imm.tvably eoimeeted l.ioetli'T. Applii’d to the liio’ where tlm wlmils 
</t a iinivalv. ilmll join /tne iiiioth.-r; ahsn to the lines made upon tlm 
extiTior of the .slnll of a ehamhere.l C<jih<il'>ju,<l, hy tin* margins of the 
s<’[ita. 

SwiM.MF.RKis. Tlie liinhs f»f < 'niitnrra^ which are adapted for swimming. 

SvMi'fiv.si.s (Gr. a "rowin;' together). Union of two lioiie.s in 

which there is m/ motion or hnt a very limibal ainouiil. 
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SvNArnrrL,K (Or. .s,n,aj,l,o, I HisK-n to^othor). Transvcrso props sometimes 
loiind 111 Corals, exUrndin- across the loculi like*, tlic bars of a e,atc. 


Taiu'I.-k (Lat. hilmhi, a talLd.). Horizontal plates or tloors found in some 
< orals, cxten.iin^' m-ross tlic cavity of tlic “ theca” from side, to side. 

'I'Arrim: (Cat. I tom h). (’onnected with the sense of touch. 

TAU.sn-MKi.M AKsrs. Tlic single bouc in th.‘ le^r of liird.s jmxlnce,] by the 
union and aiicliylosis ol the lower or distal portion of the tansus with the 
whole of the metatarsus. 

Tausi s (Cr. hfcsos, (111- Hat of the foot). The small bones which form the 
ankle (oi in.^tep <>1 man), and wliidi corresjioiid with the wrist (caryo/.s 
of the anterior lindc 


Tk( 1 ii'.nAM IIIAI A that. hv/,/.s>, covered ; and Cr. hro'jrhja, <,dlls). A division 
of ()/'isf/tnhraiir/il<tl>- iin4n'«pofla in whieli the ^ills arc i>rolected by the 
mantle. 

Tioam lA im:v (, Cat. tfjiinh'titum, a covering). Conuccted with the integu- 
ment or skin. 


Ti'.i.i'os iia (Cr. t' h'nis, ])erfect ; ostcuii, lioiie). The order of the “Cony 

Cldies.” 

li;i,Mi\ (dr. f' /sinii, a limit). '1 lie last .joint in tlie abdomen of Cruslaci'a ; 
variously rcganled as a segment without ajipemlage.s, or as an azygous 
append, ige. 

Tr.imrM 'Cat. for back). The dorsal arc of the somite of an Arthropod. 

Ti i;i;n'i>i A (Cat. /-C/V/. earth; ami ce/o, 1 iiilial.»ith Kmjiloyed oi'easionallv 
to d( .signate tile Kartll-Worms ; Ac/ziAe/eodrA. 

Tl>r ;Cal. (istti. shell'. The shell of ,l/(i////,-i,vr, wliieli are for tlii.s ivason 
sometimes called “ 'I't sUi'Uit ; ” also, the ealeareou.s case of I'Jclu'iiodi'niis ; 
also, the tliiek, Icatlicrv, outer tuiii’C ill tin- 'I'liiiirdfa. 

Tl.^rAl I'ui s. I’fovitled with a shell eir lianl <'ovcriiig. 

Tivi UAi.i; \N('lii MA idr. hfra, four : hriuirhii, gill). The order of r‘Vp/c//ey;()(/o 
char;ieteri',ed hy the |'nsse,v>ioii of four gills. 

Til At \^sl(ii| I.IDA (dr. ili'i!,iss(t, sea ; koda, glue). .\ division of A/'o/e:(W. 

Tiii'.i'a (dr. Z/n/,', a .sln ath',. .\ sheath or reeeptaele. 

Til I’fn-oM vr.\ (dr. Util' : ;\iul mo/io. hodyl A divi.siou of J'h',;>iioiloiis 
.I/fy//eV(s, ill whieli tile body is protected by au extemd shell. 

Til r,i: n iiK iNTi A (dr. f/n riini. a Iteast ; odon.v, tooth'. .\ group o! Ccptiles .so 
named hv dwell in allnsion to the Maininalian eharaeti i ot iln ir teclh, 

Tiiki;i(iM(ii:I'II \ (dr. (Inr, heast ; //o/r/'/o’, sliaj>e). .\p]ilied hv Owen to the 
order of the T.dl-less .Xmj'liihiaiis [.tnoiiru). 

TmniAN (dr. a In-cast -platek The che.'.t. 

TiniA (Cat. a lliite). 'I’lic sliin-hoiie, hoing the innermost ot the two liones ol 
tlie leg, and eonesjiomling will) tlic /vn//nx in the anterior i'Xtremil\. 

Toil )• \ i,M A r.r; (Cat. futiis, whole; pithint, the jialm ol tlu' liainl). A gtA"P 
of Wading Cirdsiii whieli the hallux is united to the other toes by mem- 
hraiie, so that the feet are completely WclihtMi. 

Tkachka (dr. frarluia, tin- rough wiiidpipt'). The tube which conveys air 
to the lungs ill the air-breathing Vertebrates, 

TiiAciiK.r:. The brealliing-luhes of insects and other Articulate animals. 

f ii At'ii I'.Aiii A. The division ot Arachnultf which breathe h\ iin.uis nl 
trachea'. 
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TlLil.olilTA (dr. trcis, thri‘i‘ ; lohos, a lobt*). Aii cxtiiict ordiT ot CnisUin'd ns. 

'riiiK'HANTEU (dr. (irrilo, I tum). A procc.ss of tho iippi-r ])art of llie 

lioiie {fi’/iiiir) to which art' attached the mu.selc.s wiiich rotate tlie limb. 
'I'liere may be two, or ('Veil three, troeliaiiter.s pre.seiit. 

TiaiciKtlD (dr. troi'hiis, a wheel ; and t alus, form), (’oiiieal with a Hat ba.se ; 
a])|>lied to the shells ot Furaminijcni and Unii'tih'c Molluscs. 

Tuoi‘111 (dr. trophus, ii iiourisher). 'I'he parts of the mouth in insects which 
are coiicermal in the aeipiisitioii and pre[>aratiou of food, Ul'teii called 
“ instrumeiita cibaria.” 

Titoi’intsoM r. (( ir. trepho, I nourish ; and suiua, body). .\p])lied collectively 
to tlie a.ss('mblaoe of the nutritive zooids of any II ijtl rozoOn . 

Tiunca rr.I) (Lat. trtdico, I shorten). Abruptly cut oil'; apjHied to univalve 
shells, the apc.x of which break.s oil', so that the .shell becomes “decol- 
lated.” 

TnnioLA (Lat. fiiha, a tube; and culo, I inlialiit). The (U'der of A/nicIhla 
which construct a tulmlar case in whicli they jirotect theiusi Ives. 

TrnuaiLois. Inhabiting a tube. 

Ttnicai a (hat. tiinioi, a cloak). A class oi Moll tiscoida which are enveloped 
in a toiti^di leathery ca.se or “test.” 

TmiiiNA 1 KL) (Lat. Itirlto, a toji)- Top-shaped ; conical with a round base. 

I’l.NA (dr. olcne, the elbow). The outerino.st (d' tin* two bones of the foni-arm, 
corresiiondino with the //7ye/(t of the hind-limb. 

rMinn.i.A'rK (Lat. e//?/>'7/(i, a parasol). l''<»rniiii;.f an umbel /.c., a number ot 
nearly equal nitii't all proceed in;.' from oiu; point. 

r.Mnii.lci s (Lat. for navtd). The aperture seen at tlie ba.se of the a.xis of 
certain univalve shells, whi<di are then .said to lie “perforated” or “ um- 
liilicated.” 

Lmiio (Lat. tlie bo.ssof a shi( ld). The beak of a bivalve shell. 

I’.M nuKLLA. The Contractile di.se of one of the Liici raai'ulit. 

1 N( i.NAi'F, (Lat. on/'i/iiis, a hook). I'rovided with hooks or bent spines. 

r.Ni.nm't.A IK (Lat. untjnls, nail]. Furnished with claws. 

U.Miri.AIA (Lat. iinijit.hi, hoof;. d'he order ot Mo m noils eomprisilio the 
Hooteil (,)uadruiieds. 

I Non. AIK. Furnished with expanded nails constituting hoots. 

L'mloi fi.Al! (Lat. mins, one; and lonilns,'.i litth' purse). Fo.ssessing a single 
cavity or eliamber. Applied to the shell.-' of loon niin ij't rn and Molliiscn. 

L.mvai.vk (l.at. nni/s, om; ; calctc, folding-doors). A .sludl composed ot a 
single pieeo or valve, 

L’miUKi.A fdr. unrn, tail; dclos, visible). The onler of the 'I'ailed Amphi- 
bians (Newts, &e.) 

VAitnn.s (Lat. cori.r, a dilate-d vein). The ridges or spinose lines which mark 
the former position of the mouth in certain univalve shells. 

VL\se:ri,An (Lat. rtis, a vess(d). donneeled with the eirculatoiy .system. 

Vk.m UAI. ( Lat. anlt r, the stomaidi). Relating to the inferior surface of the 
body. 

\d;ii.MKS (Lat. rennis, a worm). Sometimes einjdoyed at the [ucsent day in 
the. .s.'ime, or very nearly the same, .sen.se as Anunluidn, or as Anitnloidn 
plus the. Andiihiiipoda. 
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\'i;kmiF()HM (L;it. rrnnis, worm; and forma, form). Y'orm-likc. 

Vi.uTKiiRA (Lat. rrrto, 1 turn). One of the bony segments of the vertebral 
column or baekboiie. 

\' i.iti'KiiRA r.v (I^at. n'li.rhra, a bone of the back, from vcrtcre, to turn). Tin* 
division of the Animal Kingdom roughly eharaeteriscul by the possession of 
a baekboiu'. 

Vfsk’LK (Lat. Vi'sira, a bladder). A little .sae or cyst. 

\'ii:kacula (Lat. vibro, 1 shake). Long lilaineiitous appendages found in 
many J‘ol/i::o(i. 

\’ii’KiiiNA (l-at. ri/irra, a vii)er). A group of tlie Snakes. 

\'ivii'AU(irs tLat. vti'Ks, alive; and I bring forth), bringing iorth 

young alive. 

WjioKL. 'I’he spiral turn of a univalve shell. 

X I I'll isrF.UNTM (dr. ,i'ijiJio.s, sword; strrnoii, breast-lK»ne). The inlerior or 
posterior .segment of the sternum, eorre.sponding with the “xiiihoid earti- 
lage ” of human anatomy. 

Xii'Hosi'iiA (dr. u'lfhus, a sword; and oara, tail). An order of Crudaerd, 
e(un]irising the LimuU or King-eralrs, eharacterised by their long sword- 
like-tails. 

/.la’ui.dDON'i'iD.K (dr. 'aniflr, a yoke ; otlou.s, a tooth). An extinct lamily ol 
detaeeans, in which the molar teeth are two-fanged and look as if composed 
of two parts united by a neck, 

/niiiD (dr. ujim, animal; and rhlos, like). TTie more or less completely in- 
dependent organisms produced by gemmation or fission, whethei these 
remain altaeln d to one another or are detached and set tree. 

/(Mn'iix’ I'l: tdr. ;oo//, animal ; j>hiilon, ]»lant). liOitsely apjilied to many ])lant- 
like animals, such as Sponges, Corals, Sea-anemones, Sca-mat.s, ike. 
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JroA/.v/)/.v, i. 2nA, 271. 272. 

Afiiiin.df, ii. 122, 122, l.M. 
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A ft I ii'Hii iiid , i. 12**, 121. 

Arli,nf^t,r,i<i, i, 121. 
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/I'irh iii inn , i. 2,4*1. 

/Krlrmiiihi.n, ii. 12,0, ] 2,7. 

J-ii/hnn, i. 27.2, 25<i, 27*!. 


J<:;,Jini,h 

r, i. 37*3. 

slh/i ii'nn. 

. ii. 82. 

Aiinurni 

ii. 2.5S. 

Jhinnfhl 

/, i. l.')l. 

Aijnniili.i 

, ii. 7'!. 

A ijnru nf 

•inns, i. 2(8. 

A l/llllSI -.IK 

finn.s, i. 2SI. 

Aijnt}hin,iins, ii. 22.S, 

A'tfhif.fi nnin , i. 2.')2. 

Aiiflarriinis, i, 2.’)2, 2.')2,, 251. 

Aijniijihi 

)/.v. ii. 2'!**. 

A 'in ns! id 

). i, 2*!2, 2,70. 

Aiinn.slns 

i. 2.')|, 2t!o, 2*!.' 

A Ilf infill ! 

/■n.s, ii. ;}.'i2. 

AhrS, ii. 

2*il. 

Ah iiniiii fill , i. l.')2 ; oliara)'!),’!’)- 


distriliutinn of, in tinir, i. 2lif 
Alrihiniifir, i. 212. 

Alfi/iiniiiiii, i. 212. 

Ahrtn, i. 42*!, 42,1. 

Alrlhniihii.i, ii. 41*:, 4.')2, 4:.2, 4'i2. 

Ah 1.111 nis, ii. 2*12. 

Ahi„, ii. 420, 421, 410, 4 12. 

Alligator, li. 2**'.*, 210. 

.4 //«)//. //.S', ii. 411. 

Alhijmiii, i. 17!‘. 

A I /iii'isiiiii , i. r.oS, 501*. 
ii. 4*!0. 

Afri n/iifhi, i. 421. 

Afii'ii/inii, i. 110. 

A/rrn/itfs, i. 2**0, 2**1. 

/l//vo/)o,v/, i. 107. lOS, 11*0. 

A tnnl/lii IIS, ii. ,S2. 

A mil n fit, ii. 1.'). 

Aniln-r, ii. 421. 

A m/i/i//i/ri n.s, ii. 12.'). 

A mhl ifrliizii , ii. 4**2. 

Avihhfrlii/ni'lin.s, ii. 2<*2. 

A mlniii i/i lna, i. 478. 

Amin, ii. 127). 

Amnuhr, ii. 124, 142. 

Ainmnnlt.in, ii. 7)0, Ih, 77-83; sLM;tii)U> 
of, ii. 70, 82. 

Am mniiil idn-, ii. 7)8, .0'.*; rliarai'lcrs ol, 
ii. 73 ; hIicII of, ii. *!2, 71 ; ilt v..'lo|' 
]iii‘iit of, ii. <!,0. 

A ninlirn, i. OH. 

Amjilnrhiinis, ii. 41,0. 

Am/i/iihin, oliaraclnrs of, ii. 173; onlci - 
ol, ii. 171-18.'). 



INDEX. 


507 


A ii. of)7. 

A m phifi nt nun, ii. 1?)9. 

A nijili irhd'nn, ii. 

A III pit icd lid, i. 47'S. 

A iiiji/iiro /in {/'I'di itiiiliii), ii. 209, 211. 

A ii‘ ph ii'ii'l im, ii. 2;!7. 

Aiiiphininn, ii. 2.91, 2.99. 

, I m p/i i'/ni id, i. 402. 

Aiiiji/ii'/n/id, i. 1S7, 190. 

A III p/i t/i's/i's, ii. 2^1, 291, 

A III /i/i I iiidSi'/rm, ii. 209. 

Aiiip/idiii, i. 207. 2)70, 2)77. 

A iii/i/i ipiii/d , i. 2S7. 

Aiiiplii-^durm, ii. 22.1. 

A mph i:^/Hiiid., ii. 2011. 

A iil/i/i I <p"iiilid, i. 12, ;j. 

A III /i/i i-'i/i I/I Id' , i. l99, 118. 

Aiiiphif/ii/i'di, i. 149. 

Aiii/iiiif/iidiinii, ii. 2Sl, 291, 292,. 

A inp/ii/ I'ld/ii/iis, ii. 208. 

A III /’/i ill I'll, i. 20'.>. 

. 1 III pliiif-dr 1 1 II m, i. 278. 

Aitip/i.nis^ i. 212. 

,1 III /in/iii rid ^ ii. 0, 20. 

Aiii/ii/.i\ i. 2,)4, 2)02, 2<2, 2,2,. 

. I III i/iiiii/nii , ii, 228. 

A iiiihdi h! , i. 1 !• 1. 

A id'i'ii iilh i ni . ii. 127. 

A idi Ill'll i/ti s, i,211. 242. 

Aii'iiirh i/lii/n , i. 22>. 211. 

.1 iiiijif i/ih IIS, ii. 8! , 

Alldithrn/nJd, i. 2I>8. 

A idisf i itiiii III , i. 402. 

i. 228, 219. 

, 1 tdili / iipsn, i. 249. 

. I iiii/iiid , i, ,098. 099, 

Aiidluid/d, i. 109. 098. 

A Id h ! fip'iil tis, ii. 2, 1. 

A id liiliii i linn, ii. 2,20.228. 
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J nri/liii'i rns, ii. 81. 

.1 nriihitlin'i n m , ii. 209. 
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Am/nds, ii, 170., 177. 
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Aiidi/un/d, i. 491. 
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Aiiidiiid, i. 472. 
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A iidiiidji/t'i'i.s, ii. 400. 
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A limn I/s, ii. 410. 
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Aiidina, ii. 174, 177. 

Aiit-e:iti;r.s, ii. ‘299, 200, 307. 

Antcddn, i. ‘205, ‘280. 
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A nUiorrlnns, i. 270. 
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Anlddi’ii/irii/d , ii. 204, 207. 

Anfi/djir, ii. 200. 

A nti/iijiidir, ii. 201. 

A Ilf ijidfld's, i. 178. 

Apdinm, ii. 177 , 182. 

Ajiifdi'nis, ii, 271 . 

Aplidnditl< I’ji.r, ii. 20)2. 

.\lild/dfliri’inin, ii. 417. 

. \ li/i I'di/iii ifi's, ii. 72 . 

Ap/irard/lis/rs, i. 1 17. 

,1 /lidCi inii/d , i. ‘283. 

/liiirrin ns, i. 282,. 

A/imri/sfdrs, i. 288, 291, 290. 

A p/ I/s id, ii. 37 , 

A/i/i/sidi/d , ii. 37. 

A jiid'nsii, 188; <listril)uti<iu of, in turn'. 

i. 189 ; I'ainilif.s of, i. 189-190. 
A/im’i’/ididii , ii. 18. 
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Ap/ri’d, i. 498. 

A/i/rn/i/idd , ii. ‘200. 

-ly'O ii. 200, ‘200, 208, 
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A pt i/i'lin/isis, i. 2 1/, 249. 
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A rc/dtdnisrns, i. 289. 
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Asirirjordium. i. 252. 


Asti'oinnU'i , i. 132. 
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i.‘444. 410, 417. 

Atlantic Oo/e, i. 15, 10. 

Afliiiitidir, ii. 0, 00. 
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At n dll, ii. 08. 

.1 (((■(■//((, i. 417. 

A iii'hi'iiiispis, ii. 147. 

Aiidtcnia, ii. 050, 057. 

A idnriici'i'ii.s, ii. 72. 

.1 idnCniHKIII, i. 148. 

A idi'pii i/fliuii , i. 210. 

A idiijinrii, i. 2()1, 205. 

Aidnsfc/cs, i. 458. 

A ndciifidii , ii. 0, 45, 

Amoclis, ii, 308. 

.1/v.v, ii. 212. 

A dcidii, i. 470, 177. 

A drididn , i. 408, 170, 47t’>. 

,1 dcidnpi'di’ii, i. 17 1. 

Ai'iridnjilililii, i. 480, 
i. 400. 

A-'Uipiii'ih i. 172. 

Ihidrifrs, ii. 50, 75. 

Unr nldrs, ii. nO, 75, 85, 
liiiirdiii, i. 040. 

J'm/,i ird/iii, 1. ISI. 

JiidiiHii, ii. 012. 013, 311. 

Ihdnnidn, ii. 2)12, Ol:'). 

/)idn iind.ini, ii. 317. 

/iidii II idtr, i. .335, .3.0»i, ;’.37. 
/iidniii.p/iijlliii, i. 187, 100. 
ri'dinnis, i. Oi:'.}, 02»0, 307. 

iinlisfidii, ii. i;u). 

Jiiifiksiii, ii. Ids, 473. 

/inphrh's, ii. 181, 1.S3. 

I>.'irliad<»e.s Kaitli, i. 23, lOO. 

I'>arn:iclcs, i. 338. 
llarraiiinnda, ii. liiO. 

/In I'i'ii lid III , i. 0i75. 

/tilth iii/icrrns, ii. 72. 

/taf/niindiin., ii. 021. 

/inf/ii/ipinthiis, ii. 201. 

/inth un rrU ns, i. 0»08. 

Jtafhi/iinis, i. 068. 

/infidi's, ii. 156, 162. 

/hi turn II ns, i. 278. 

/inlriirhin, ii. 177. 

/Intrarliidrrpduii, ii. 184, 

/tafti rsliifin, i. 180, 101. 

/Irntrircn, i, 217, 218. 

/iKiiniinidin, i. 202. 

/idi'iiiiidrl/n, ii. 94. 

/idi iii tn frs, ii. 02, 03. 

/kh mudidn', ii. 57, 50, 88 ; clianudei 
(if, ii. 01 ; Kcctioiis of, ii. 01. 

/h'/i iiiinisr/dn, ii. 01. 

/irli mitosis, ii. 01, 05. 
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P,fJciil))ntf‘uthis, ii. 93, 01. 

JS>'h'tn)Kt:.ij)In'iis, ii. Ill 5. 

Jit'll minis, i. 3(51, 386. 
liiUrrophinn, ii. 7, 39. 

Iitlli'iii/iliii)i, ii. 7, 559. 

/Irllrntp/tottfitltr, ii. 40. 
lifhtthni, ii. 309, 311. 
lir/trpfn'ti, li. 90, 91, 94, 95. 
li.'/nirii/his, ii. 90. 
lif’ih’ilt'iiiiis, ii. 1519. 

/It'rt'iiit'fii, i. 433. 

Jlt'n/.t\ ii. 128. 
liiifttiniiii, ii. 395. 

in, i. 344, 3 45. 
lii'l iiisldjtorii . i. 431. 
litjltis/iti, i. 439. 
iltfrtmliti, ii. 33. 

Jliiifiii'rl ml , i. 11(1. 
liimomt, ii. 431. 

JUtnt'rm. i. 1.55, 157. 
llinls, clianictri's <4'. ii. 242-351 ; Oistri- 
ItuliDti nf, it) tiuio, ii. 351-353 ; onli-r.s 
of, ii. 251-371. 
lit.sdti, ii. 5508. 

Ill/hi/niti, ii. 35. 
r.iv;ilvc Mollusc, s i. 404. 

Jiliisliilt/fti, i. 335 : cliarai'lors of. i. 
399-303; (list riliiiiioii of, in liiiic. i. 
303. 

/lJ,i//ii, i. 400. 

Jl/ti/timi, i. 400. 

li/fmtlitl,,, ii. 138. 

Iltitift's, ii. 19'.(. 

iinht'tmiiii, i. :ios, 

liiilii'inill iilif, i. 51)18. 

Jiii/niritlti , i. 388. 

/iorsttnimmu 13. 

Jilts, ii. 1507, 5)08, 

Jlnlhvit'fjts, ii. 184. 

Jhiiln'tii'nii Is, i. 1 15. 

Jiuf/tistnmis, ii. 310. 

Jiitiii i/m tii'i'lniis, i. 383. 

Jiitrlilti , ii. 5507. 

Jirnr/i In/tnilii, ch.'inictcrs of, i. 435. 440 
I'liiiiilics of, i. 413-403; .list rilmtion 
of, ill time, i. 441. 

Jii-iii'/i iiiih Infills, i. 303, 370. 

Jir,irli'i(n/is, ii, 1S3, 181. 

Jlnu'li i/fni'if, i. 3',t}, 

Jinwliyii ni, i. 393. 
lirmli/finilitltt, ii. 39'.», 5505. 

Jlriiili/fiiis, ii. 5500. 

Jirn innlhi'iiiim, ii. 5500, 3iI7. 

Jiriiiichlft'ni {(I'lislfrn/inihi), ii. 3. 5. i- 
Jiiii.iich i jitnlili's, i, 351. 

JlriiiK'/il fins, i. 5)51. 

Ilm iii'Ji i fiiisi/fs, i. 351. 

Jirtissitlis, i. 407. 

Jliri/i'riti, i. 407. 

Jirisiriiflilo, i. 319, 250. 

Jirissh/ii’, i. 341. 

Jlrlssofisis, i. 3155. . 

Jirissiis, i. 2455. 

Jli'K/iiifiiis, ii. 3559. 

Jirniilfitlif, i. 379. 

Jirnnini.s, i. 354, 5555, 303. 378, 3/9. 


JirindoUieridir, ii. 332. 

Jiriinlntfii'rimn, ii. 5133, 333. 

Jiriifa, ii. 299. 

Ji/'ffiKiiii, (sco J*ohfZiin). 

Jiiihn, ii. 2)10. 

Jiiminiii, ii. 559. 

Jlin'cinidii:, ii. 5, 10. 

Unrein mil, ii. 10, 11. 

JinrJdondia, ii. 407. 

Jlnlhahiii, i. 110. 

Jill! I in ns, ii. 43. 

Jinlla, ii. 30. 

JlnlUdtr, ii. 0, 550. 

Jlnmoslns, i. 5575. 370. 

Jlnmnln/i/ii (A I'f indiirfj/!ii), ii. 341. 
IvuiTow.s of Ami(.tli<l<-.s, i. 317. 
Jinfliiiifirip/ns, i. 101. 

JinUiuln'fihls, ii. 4553, in, 442, 4455. 

Jin thus, i. 400, 

(’lulucilinuicliiate Ainphiliiaiis, ii. 171. 
175. 

Cnridi , , ii. 20. 

('ll cl/in, ii. 174, 

Ctirnm, ii. 20, 

Ciilnitl/u rimn, ii. 350. 358. 

Cultini.nrics. ii. Sl>. 

Ciihniiltrs, ii. 455)5, 4557, 444, 154, 4.)0, 
4.50. 457, 102, 4)10. 

CnlninniJriidi'nii , ii. 1 10, lotl, 4.i7. 
('idmnoirhth ffs, ii. 1 41. 

< 'tiliifhimn, i. 110, 118. 

( 'tilcarcous Hocks, i. 155-30. 

Calcaroons S]ioii;j:cs, i. 1511. 

Ctdi'ii n no, i. 1055. 110, ll8. 

Ca/roilo, i. 217, 318. ^ ^ 

('olrisjiiimiio , i. 1554-100. 

(In/lilhri.r, ii. 119. 

< '„l/i:ni!, i. 5311. 

Cidl.in/sfilrs, i. 388,390. 391, 395. 

( 'niittd ict non , i. 1 10. 

C'dlooroptns. i. 101, 103. 

Col/nfinro, i. 303, 135. 4351. 

Colnsfi/lls, i. 195, 190. 

('ttlirn'o, i. 331. 

C(di/rnfi/iorido ^ _ 

Coh/iiirni', i. 5'.)55, Ij.i.'), .'89. -'O/. 

309. 

Cidf/nirnido, i. 303. 309. 

Coh/fitron, ii- 513._^ 

('iiinpti'o ofo , ii. 

(Miiiornfihoiiti , 

(Pimiriisonnis, ii. 3.'10, 355/. 

('onn'lid'Of ii. 

('mnrfnpordoliilo , ii- 303. 
Conii'lopordoJis, \\. •5*13, oO-). 
('tinii'ltidirriniii, ii. 350. 

('ono'lns, ii. 55,5,5, 0,50.^ 

Comnosponiilo, i. MO. M7. 

Compamdo lido, i. 1;»8. 

(\niirllario, ii. 9., 

Canrrr, i. 5594. 

Candona, i. 5513, 34*). 

Ciniihr, ii. 5593, 398. 

Vonis, ii. 398, 400.^ 

VopUosanrns, ii. 181. 
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i'liprii, ii. ;>n7. 

( ’iiju'i'itl I's, ii. otiO, 3G1, 363. 

(’it jirinn , i. 49.'). 

( 'if pi'i/ii ll(T , i. 49,). 

( 'itpri fiiilit , i. 49.'). 

C"pi'"fiii>-'<, ii. 40S. 

(_'ir prni i lift, i. 494, 495. 

(\ipsnln, i. ,501). 
f 'ltjiitl ns, ii. .33. 

(.'■■irlioii aiul Carbonaoeous ib'posits, i. 
26, 27. 

CnrJiiinliuhi. i. 491, 492. 

Cifri-hiffoilnu. ii. 154, 162. 

Ciinl/ifilif , 1. 46i», 496. 

< 'll I’ll r, i. 241. 

I'linlinia, i. 501. 

( ’ll ri/liirarp"ii . ii. 436, 44.S, 419, 162. 

('ll III ini, I, i. 478, 479. 

(/iiriliniiinrjiliif, i. 509. 

('iinllfii, i. ,502. 

I'nriliinn, i. 496. 

( 'll rl nil rill , ii. 7, 38, 3!b 
('ll rmiilii (.Ic'.s'). ii. 254, 259. 

< 'll rillnpni’ll, i. 421. 

<'ar,nnn, i. 37*). 

('.iniii’iii’ii, cliarartcrs of, ii. 390; riimi- 
lmmiIc, ii. 391. .392: Plaiiti.in-a.le, ii. 
391. 3<.t3: Di'iili^'niOr, ii. 392, 395; 
distributinii nf, in tiiiii*, ii. 392. 

( 'll. r pi 1 1 ii'if i. 39 1. 

C'ai'i’iau'e - s]iriii;^' a[>[)aratus of Bnichio- 
l-oOs, i. 439. 

( 'll n/i.n'ii I’ls, i. 347, 348. 

(.'iiriinr.rliiiis, i. 2>''7, 29.5. 

('iiri/nri/slih’s, i. 290. 293. 

Ciiriinplii/lliii, i. I.M), 182, 1.S9. 

( 'ii.ssin Ii, 11,1 , i. 481. 

('ii.s.i^iiliiliilii , i. 2 0). 

(',i.i..iili,linii, i. loit, 116. 

< 'iissiil III ! null’ll, i. l06. 

Cnssis, ii. 3. 11. 12. 

(‘iisinr, ii. 408. 409. 

( 'ii.shii'i/lii , ii. 40S). 

(',i.,fi,, ■null's, ii. 409. 

( 'afartiiiK- Monkeys, ii. 419. 

( 'nthn r! iiln , ii. 267. 

Ciiinilnnliilii, ii. 312, 314. 

( 'iitnpippi s, i. 240. 

( ',! iilnplrris, ii. 436, 416, 452. 

( 'll lllinpnril , i. 139. 
f'avi'-br.'ir, ii. 391. 

( 5-ive-hy.'en;i, ii. 397, 398. 

( '.'Lvc.-lioii, ii. 403 . 
f'ave-yiika, ii. 40)5. 

('iii'ir.orniii, ii. 363. 

C'lrnlii, ii. 407. 

('ll, us, ii. 419, 

(',■.lll■p,lrll., i. 428, 429. 

( '• llrpnriili' , i. 429. 

( ' 1 U iiliu’liiila , i. 427. 

(', iitriiKuluii, ii. 205. 

CnLlrnilus, ii. 1.59. 

(.!>■ Ill riifii'lUi , i. 443. 

(Jipliiiliispiild’, ii, 133, 147. 
di /iliiijifspis, ii, 147, 

(.'rphulites, i. 146. 


C, pfiiilopnihi, cliaraeter.s of, ii. .53-.57 ; 
• listribiilioii ))f, in time, ii. .58; Tctra- 
braneliiate, ii. 59; I)il)raiicliiate, ii. 

87. 

('I’l’iiiiio/ioi’a, i. 426, 431, 
drnil im'ii rls, i. 347, 348, .349. 

Ci’rif (ill’s, ii. .5t), 75. 76. 77. 
diniloifiis, ii. 115, 140, 111, 142, 161, 
16.5, 166, lt;7. 168, 169. 

(^I’l'Culiihi's, ii. 407. 

('I’rcoluhii/ii , ii. 407- 
i'l i’i’nli’ptrs, ii. 394. 395, 

< 'i ri'ii/iilliiriis, ii. 421. 

Cl riiipniif , i. 424. 425, 432. 

(', ,’ivpii,i,l,>, i. 425, 432. 

Crrih'lla, ii. 18. 

( 'i I’illiiailii , ii. 5, 17. 

Ci'i’ithiiiin, ii. 17, 18, 

( ‘1 i i iihi , ii. 3,58. 

(', rnis, ii. .3.5‘.». ,360. biil, 362. 

Cuslnirlnii, ii. 1:53. 156, 157. 161. 
c, sh’iii'iniit hill , ii. 1:)7. 

( '1 s( /’ll pliiii'i , ii. l.’»l, 15 ))- 161 . 

Cl hi, ’III, cliar.'icters of, ii. 312; ilistnOii- 
tion of, in time. ii. 3.13. 

C, I liisii II I’li.i, ii. 213>, 231, 232. 

( ',’liit hi riiipsis , ii. ;113. 

Cl liilhi'i'i II III , ii, ,313. 

Cetotnliti'S, ii. 314. 

( '/ill rnpii(fi 1,1 ns, ii. .348. 

C/iiiri'psis, ii. 343, 

Chill, ’h-.s, i. 201, 202. 425, 433. 
Cli,ihll,l,i , i. 2oti, 20 I, 204. 
Cl,nlii,/,,iillil,i , ii. 128. 

C/in li„i/iiil/iii , i. 309. 

Cliiilii’iiiiiifs, ii. 0»t). 

Chiiliriifh, /hull, ii. .‘551. 

('lialk, i. 14; oomp.iied with the .Mlari- 
tie ))()/.(“, i. 15. 

Chilian, i. 4t*2. 

(Jhiiinnliv, ii. 207. 

Cliiiiiiii I'l'ps, ii. 4/3. 

Chiiiiiiilii, i. 469, 492. 

('hili/lpsnililphis, ii. 314. 

C/iiirnrrir, ii. I.';}. 

C/iiisi/mps, i. 36'.l. 

Chi’l/iisfii/iiiKii, i. 417, 118, 119, 427. 

( 'h/1 1’ai’ii iilh IIS, ii. 1 I*!. 

C/iih’iii/ns, ii. 13!). 

Chi’ii’iilrpis, ii. 1.35, 142. 

Chri riiphrii , eh.'iraet.er.s of, ii. Ill ; 'lis- 
tribiilion of, in time, ii. 412. 
Chi’ii’iitlii’i’liiin, ii. 179, 180. 

C/ii’ini rlifir, i. .‘t63. 

Chi’i/'urns, i. 355, .363, 376, 377. 

Cliilich HUH, ii. 196. 

Chrlii/ir, ii. 196, 197. 

Chrlii/i III., /'.haraeters of, ii. 191 ; distii 
hiition of, in filin', ii. 196. 

Chi’ln/iliflii , ii. 196, 197. 

C/ininillzht, ii. 16, 17. 

Clininidiipnra, i. 149. 

(Miert, oriyjin of, i. 24. 

( 'lievrotains, ii. .357. 

Chiliiijwithii, i. 402, 40.3. 

Cluhpndii, i. 102, 403. 
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( ’ll liiuf riih* , ii. 

< '/liiii’hilliilff , ii. 408. 

('/,in,trs,u. 200 . 

Chiton, ii. 25. 

Ch 1 ton nli>\ ii. .5, 155. 

Chloiiifi'tothriniim, ii. 207. 

( ’/id i'<iji<it/i in iis^ ii. 248. 

Choiiilrilis, ii. 4:!2, 428, 4 12.. 

Clioiul roslfiihi , ii. 122. 124, 1.50. 

Clnoiit ronti'osan rit.s\ ii. 221, 220, 22< . 
C/io)ii/ riisirns, ii. 151. 

ChonrUa, i. 149. 

C/iiiiii tr.s, i. 4.50, 457. 

Cliiiiii-j pli ins, ii. :'.1.5. 

C/inristuirros, ii. 82. 

('ll I'l/siilnl i iia , i. 110. 

Cii/nrida, i. 221. 

Cl, I, I, -is, i. 229, 221. 

( III I to I III, i . .51 1 . 

( 'i Hint idsii II I'lis, ii. 222. 

Ciinot,,riiis, ii. 259. 
f 'i n nil iiidiii II in, ii. 449, 4/.2, 4/ I. 

( 'ill ii/io, ii. 20. 

( 'iiinoi/on , ii. 22)(.). 

Cirrijiiilio, cliarartcrs of. i. 221 ; onlcrs 
of, i. 225; S.'ssilr, i. 225-227 ; IVOuii- 
culatrd, i. 22)7-240. 

Cirrus, ii. 22, 2:1. 

Chill nrrro, i. 241. 

Chill orhonns, i. 204, 205. 

Chn/oitiis, ii. 1.58. 1,51), 100. 
rlassifu atioii ot tlie Animal Kin^^dom, 
i. 77-90. 

chit/iriHlii-fi/iin, i. 1.28. 
c/nth roiiiii'ii , i. 424. 
f ’hii'siliii, ii. 4:1, 4 1. 

( ’hi riii/i llo , i. 510. 

Ch ii/o/i/iorns, i. .502, 502. 

Clr/isi/il ro/is, ii. 2:l9. 

f '/, nihirii, ii. 47. 48, 

C/rpsi/so II rns, ii, 2:il. 

r/5A).s7-'.v. ii. 207. 

Cllinorni/rii/il ns, i. lOli, 17ii. 
Cliiiiiirtirhiiitrs, i, IKll. 

C/ 1 milt I IIS, ii. 140). 

I'll iiiii.rni/ ns, ii. 10:5. 

( '/liinii , i. 1:54. 
c/inn iihr, i. 124. 

Cllsio/i/iidinm, i. 210. 

Cl i. strut r rot a , i. 440. 

('lul)-moss(‘s (.svv Jn/coiiii(tii(riv). 

< '/ ii/ii'iilo , ii. 12.5. 
t 'li/iin nio, ii. 00, 07, 08. 

Clfl/irosti’r, i. 241. 

Cli/priisti'riito , i. 2:58, 241. 

Cfi/lirns, i. 210. 

Ciii'inloriiis, ii, 201. 

( 'oal, si met lire of, ii. 151. 

Corrnr rill IIS, i. 279. 

Coecolilhs, i. 98; ii. 4:51. 

Cnrrostrns, ii. 120, 147, 148. 

Cor/itra rill , ii. 21. 

Ciir/i/iiiitiints, ii. 1.59. 

Corhlioifiis, ii. 1.59. 

Cor/ilvcri'os, ii. 85. 

Ciiilustcr, i. 288, 291, 29.5, 290. 


Cdit in/isis, i. 232. 

( ’iidnnastrr, i. 290. 

Codon itrx, i. 291, 2'.i.5, 290. 

Co'lnauitiiini, ii. 141, 142, 115. 
Cirlaciinllins, ii. 1 11, 145. 

Cotriitrrota, eli.araetevs of, i. 152; divi- 
sions of, i. 1.52; dislribution of, in 
time, i. 152, 1.54. 

Cii'lodon, ii. :205. 

Cl, Indus, ii. 128. 

Cl, toiirni/s, ii. 407- 
Ci, hii/r,ijihidi(, i. 219. 

Cl, tiijitifi'liiiiin., i. 14:5, 140. 
rV)/o7e.s-, i. 200. _ 

Co nopitlii'ciis, ii. 417. 

Co iiiispho rn , i. i:’)!. 

Cuhiijirion, ii. 50. 

Cii/i'opirro, i. 407 . 

Ciil/oi'.idio, ii. 200. 

I’olh/rltrs, i. 2 : 59 , 210, 

Cothpitidn, i. 2 : 5 s, 2:39. 

('oloni.'s. i. .52, 

Coliinorrros. ii. 228. 
i 'nhinoiii IIS, ii. 409 . 

Cotossiirhi tiis, ii. 197. 

( 'olid'iiiu' Snakes, ii. 199. 

Col n iiil'Oi’i i , ii. 1)2. 

( 'olnmli' It 111 , 1 , ii. 1 1. 

t.’olumell.a ol Corals, i. 181 ; ol tho shell 
,.f (Instrro/iods. ii. :5. 

Column of Ci iiioids. ii. 2t>7, 208. 

Coin III no rio, i. 188, 191, 192. 

( 'ol n m nofioiii , i. 19. >. 

C,,iiio rornstitrs, i. 2.88. 

Comotnlo, i. 205, 271, 28:3, 285. 
C,,iiiofntido . i. 281. 

( ’iinoisrris, i. 191. 

Coiiiiisoiinot/,ii, ii. 2:5.5. 

( 'imi iis,ii/niil/i ns, ii. 2.>1. 2->n. 

Cniirti ii'otdrs, i. :Ul. .112. 

Conrhif’rro (see l.ono’f/ ihra nrhoihi). 

1 'oni'liiosii n rns, ii. 221. 
ro)/c/o)(Ms. ii. 170. ^ 

Conclusions to he drawn Irom I'ossils, 

i. 71 - 70 . 

( ’oii'/i rio , i. 18.5. 

( 'oiiido . ii. 12. 

Conifers, ii. 1 : 51 . 4 : 10 , 4 : 17 , i;38. 14n, 40l. 
402, 400. 407. 

Con lojih'i'is, ii. lOu 
Con iosiin riis, ii. 20;*. 

('onoi'ordinni, i. 490. 40/.^ 

( ’oiioi rp/iidiito , i. :‘.0:t, .500. 
Coiiorrphiditis, i. Onl, :30/ . 

CnilorlupiC, 

Conorori/ph, , i. .‘50:5, :56;), oO/. 

( 'onodoiits, ii. 120-122. 

Coiiosmilio, i. 211. 

(’onotmthis, ii. 95. 

C,o/.s575o m, i. 202. 

Coiist.rietin.i,' Snake.s, ii. 199. 
Contemporaneity of .strata, 1 . 2. -o.». 

CVnitimiity, (Jeoloeieal, i. 40-5:5. 

(’oiiido rut , ii. 48, 50, 51. 

Cioinlns, ii. 42. 

Coni(,'t, ii. 12, 12. 
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''n}irr.mstnrti, i. ll);?. 

(’iifii'poifa, i. 841. 

( 'oiH-olitc’s, i. *J1. 

Corallines, i. 20; ii. 481. 

Ciirnlliiim, i. 219. 

< ’oral-i'oefs, anoic'iit, i. 187. 

Corals, LTeimiiatioii ami lissioii of, i. IS."), 
ISti. 

f'orals, simple and eomponnd, i. 179, 
ISO, 184. 

C'lrn.'-, ii. 102. 
r, i. 498. 

('nrhi'Id, i. r»00. .')07. 

ii. 480, 447, 4.')0. 

< t'lifi'.'i, i. oil, ol2. 

<'"rni<s, ii. 409. 

('nr,})isuira, i. lOS, 109. 

i. 8:17. 

C.ir/o/s, ii. 20.'). 

Curi/Jiili.':, i. 407. 

( , i. 1:I0. 

('in-ijuiihi , i. 15:1, 154. 

< 'on/iioi'/t'.s, i. 158. 

Cnr!/jJu»lno, ii. 821, 822. 

ii. 821. 

i. 147. 

ii. 158. 

ii. 88. 

fC.vo'//.'-, ii. 80)5. 

i. 4 : 57 , 411, 45 s, 4 . 59 . 

(Jr'Diiiiil'i , i. 440 , 442. 458. 

Cr'issolrlbi, i. 501 . 

('ivssilht-rnnn, ii. :lll. 

('rii.li/'iihirin, i. 1 15. 1 10, 1 17- 
( 'I'l ii. 400. 

Crnol/o, i. 48.8. 
i Ilia , ii. 82. 
r, ■,/>« //)), i. 21.5. 

(•not,., In),, ii. 409. 

Ci'n fills, ii. 409 , 410. 

Ci-irn./iis, ii. 140, 142, Ml. 

< 'riii')idal linii'storie, i. 17. 

C. iiinblni, i. 225; (•!i:i,raet,.’rs f)f, i. 200- 
270 ; di^triOiOioii id, in tiim-, i. 27'.0 
('rincri'fis, ii. 0)5, .88, 85. 

('risin, i. 428, 4 : 411 . 
i. 480. 

{■iisIHhinii, i. 101, 111, 

I'nsirlinrnim, i. 100. 

Crnrn) ii. 2' >7-218. 
rrnrn,l,h,.S, ii. 2'.>.8. 

(I mill., IS, i, 87'8. 

(', „ssnj,n,/;n, i. 828, 824. 
C)nssn,)lny;,;,l,r, ii. 115, 133, 134. 139, 
no. 111, '142. 

< ! |•nsr.nZll.||l m , ii. 407. 

I.'i iilnlni rui ns, 1 . 270 . 

ijnistiiri’ii,, cii.'ir.irti'rs of, i. 828-882 ; or- 
ders ol, i. 888; di.strilnition of, in 
tinm, i. 882. 

(b-yi>liii i<s, i. :509. 

Cri/i/tnrarij, i. 847, 819. 
ai'ypfnr.riiui.i, i. 290, 291, 292. 
Crypto^oams, ii. 429. 

< 'r!/]ili)hi'l in, i. 178, 217- 

('rifptiiploaLK, ii. 18. 


fb'i/ptorv is', ii. 265. 

(b'l/pfosfiifio, i. 100. 

('triiiiiMoitfiiis, ii. 158, 1,59. 
Cte/iiiih'pfn'iiii, ii. 140, Ml, lOS, 109. 
(Itenniiisciis, i. 245, 210. 

Vtenndonla, i. 485, 489. 

C/niiiilns, ii. 108, 170. 

Ctnii)idci , ii. 110, 124. 

(’tenoid .seales of lislie.s, ii. 109. 
('tciioniy.'t, ii. 40s. 

Clruopliinii, i. 158, 154, 17<i. 
Ctfiinpli/c/iiiis, ii. 158, 1.59. 
('Ii'iiii.sliiini'/ii, i. 415,419. 

('iti ididii , ii. 205. 

Ciind/.ni, i. 485. 

Ciiridlr/lif, i. 4S9, 490. 

('idli'l/iis, i. 505, 5o0. 

i.'iiprrssiirriiiidii , i. 28>>. 
('iiprrssnrriiuis, i. 281, 2''2. 

('npri'ssiis, 4>i9. 
i 'iipidn rill , i. 429. 

Cnrrnlii'idrs, i. 407. 

<'ii,;:ii/i,iiiid,f , i. 407 . 

('ll rsiiiTs, ii, 2 . in. 

( 'll i biiinlits, i. 191. 

Ciirirriii, ii. 17. 18, 19, 

< 'i/ii/liiis/iis, ii. Ms. 

( 'fliifhii.iniiin, i. 211, 212. 

(.'ipilliii.rniiidii , i. 2 II. 

(.'f/iil/i idiinii , i. 2S8. 

( 'i/iitliiii'i, i. ]S2. 

<'ipif/i„rriiiid,t, i. 272, 271. 

(.'i/<i/linrriiiiis, i. 272 . 278. 
Cipitlinphyllnh, , i. 211. 
('il.iilinplutlliiiii, i. 212, 218-210. 

(•pillinphi/lhnii, i. 218, 214. 

( 5//)e/e, i. 87S, 879. 

(’yuidiirrii, ii. 4:'!}, 487, 488, 4';2. I'i 

400, 407. 

(!iiril.drnidul, ji. 407. 

Ci/riiiliipfn is, ii. 4ti8. 

('iirl.idlibr, i. .Pi9, 49!). 

( 'i/rfiis, i. 499. 

(''||■b>rl ypi’iis, i. 121. 

('i/f.Inrriiiiis, i. 12S, 297, 298. 
(yliiidi'i, ii. 110, 121. 

Cyeloid si'ales of fishes, ii. 109. 

( 'ip'/iiliirs, i. 194, 

( 'yrlniiniii/, ii. 22. 

Ci/rlnplillinbnits, i. 400. 

<;ip'lii/,lii/llii)ii, i. 210. 

Ciirhipli ! is, ii. 440, 452, 400, 407 
dipiiiplyrliius, ii. 130. 

( 'yr.liisliiiini, ii. 40. 

<'yi'/nsl„„iaf.a, i. 417, 419, 430. 
Cyr/nshnaidir, ii. 0, 40. 

Cyrlus, i. 3S0. 
dillir/imt, ii. 87. 
d I/I indr ill's, ii. ,'{0. 

dynndun, ii. 39S, 399. 
dy >1 ocli 1/711 psn, ii. 289. 
dljiindi'ar.n, ii. 28S, 289. 
dy/iiisiir/iiis, ii. 289. 
di/iiiilJirn inn, ii. 89S. 
di/jti'lliii, i. MO. 
dypirUi's, ii. 448, 449, 400. 



INDEX. 


513 


Ci/lt/inspis, i. ii70, :371. 

( ' If plinsmiKi , i. 

Cifproii. ii. 11, If). 

( 'i/pr'i ii/ii\ ji. 5, 14. 

( 'i/pi'i l/ii, i. IlltJ. 

( ' i/jii' 1 1'lii'i i. fidO. 

('ifpriin n! in, i. •'IIH). 

( 'i/jirii irri/ iti";. i. I''7. 

('ifprii/n, i. 154''. 

Ci/jn iihlht, i. IjI'!. 

( ’iffii'i'/i'll lint, i. I) }'). 

Ci/firnliiin , i. :‘12, 1515. 

< 'ifiu'ni I iiiid'i , i . ;S 4;) 

( 'iffii i lui . i. ;'(>(). 

('iipnnidii , i. 4t;',>. I'.n*. 

('iffiriiiiiln (rish.'S), ii. 12:'. 

<', un-ip i. :54}, 15 If). 

Ci/rrini, i. 4'.l'.>. 

('i/iii", i. 44t!. 

<'i/i-/iini, [. 4U). 

('i/i-fni-ri-iis, ii. f)!*, 65, <)'j, 70, 71. 

( 'ifi-lni-i i'i mt , ii. 72. 715. 

Cifi-hiiloiitn, i. 4S5, 4 >7, InH. 

( 'i/r/ii/i/' S, ii. 7, 11. 

fst t fill, ill idn, i. ‘21*;. 217, 21'^. 
i 'ifsl i fill filiii m , i. '210. 217. 

('if.stnii/ni, i. *225: fli.-irai'li'V^ cl', i. 286- 
20() ; ilistril'Ution of, in time, i. 200. 
Ci/tln-rp i. 1512, 1510. 
r,/lin irn, i. 501. 
ri/tli, r, lln, i. 1540. 

( 'i/fln i-i l/iiin, i. 15 10, 

<\ift/iu'h/.n, i. 1510. ' ' 

I iiii'i I/ll ifit I I'li/ii , i, 102 . iii5. in. 

hm/.i.riflnii, ii. 1150, 4157, IM. 4h. l')l. 
4 0,2.' 

hiiliiniilifi's, i. 3515. 150'.*. 

! >'! t! Ill , i . *2< *2. 

hmun/lii, i. 477. 47S. 

I)ii/i,-iln/.p ii. lll'i. 

hiipiiliiis, ii. lllti, 1157. 

hn fil i n ns, ii. l2<i. 

I his III ill, i. 100. 

Ihisnniis, ii. 250. 

f >iisi/ii/is, ii. 181. 

Ihfsif/inilii/'i, ii. 2',>0, 150.',. 

I hisif/iriif'lii , ii. 4'*7. 
hitsif/ms, ii. 307. 

Ihisi/in-iis, ii. ‘2S'.t. •2;'8. 

! hi ml sun m , i. 4. >‘2, 4;,0. 

Ihnrsunr/lii, ii. 7, 12, ll5. 

I )ii ii’siiii III , i. 101. 

hit'iijiuilii {('nistm:i-ii), i. 3, SO, O^lO; ((»- 
/ihiilujinihi), ii. 57, 85, SO. 
hi-fiii m in , i. 4152. 

Ih’iiinsniirin, ii. 100, 2'20. ‘2:58. 

Ih-i mi/lirriii III , ii. 37S, 388. 
hri/ilinii, i. 1577. 

Ifi’l'n I/in , i. 202. 

Ih-l/iiiiiinlir, ii. 312, 314. 

Ih'lpliiiinln, ii. 27. 

Ih-f/ihiiiiis, ii. 315. 

Ih'ttui/iis, ii. 150. 

Ih-mlnu-nn, i. 105, 108. 

/h-mlri'rjii’tnii , ii. 181, 185. 

VOL. 11. 


JhmdriK'niuiit, i. 271. 
jMiiilrnilnis, ii. l lO, 112, 114. 
Ih'.ndriiiii-niitiis, i. 1.53, 150, 160, 162. 
J)mil,rnjihi/llia, i. 187, 106. 

Jtmilnijnijin, ii. 44. 

Ih'idaliiln , ii. 5, 34. 

Jh’.nlntiiin, i. 114. 
lirntnlhun, ii. 3, 154, 85. 

Derivative, roek.s, i. 13. 

/h’shm/i'sia, ii. 15. 

/h'siiiiilin', ii. 430, 431. 

Ik’simi/ilii/lliiMi, i. 187. 

Jh’ii/rriisniinis, ii. 230. 
himlnna, i. 231, 23,2. 

J)lnil,riiin<ln’, i. *231. 

J >inili'fni/mi(/i ns, ii. 184. 
hinslunia, ii. 24. 

Jiinstiijiurn, i. 426, 428, 431. 
hinstujinriiln , i. 131. 

Diatoms, i. 23; ii. 430, 131. 
hiniri/ma, ii. 256. 

Ihli/nsns, i. 10*). 

Dil)i :uielnate ( ’eiilialoi>oils,eh:iraeter.s ot, 

ii. 57, 87 ; families of, ii. 57 ; distrilm- 
tion of, in time, ii, 50, 88. 

Ih'o-rns, i. 102, 403. 

I hi-i'ii'ilii’rin in , ii. 328. 
iJii-liulinm-, ii. 340, 35*1, 3.52. 

Ihi-liuilun, ii. 340, 3.50, 352. 

I)irlin//rn/ifns, i. 168. 

hiiinin'lun, ii. 31515. 

Dieol vle'l<*iis. ii. 430. 434. 

Ihoi/'i/lrs, ii. 315, 310, 348. 
hit- rn nn'jrn jitns, i. 17*). 

Ih'i-rni'i-rns, ii. 350, llilO, 362. 

Dii-tiiutltcs, ii. 440. 

I hr/ i/urliii , i. 131. 1.52. 

I hi'/ i/nni il rn , i. 131. 132. 

Ihr/i/um-mn, i. 15'.*, 160. 161,162, 412, 
410. 

I /ii'f i/nm'lil'ii , i. 106. 

/ hri/nnilnll , ii. ■2'2'2. 2'2-i. 
l/nirl/iliiiln, ii. '285*. ' 208 . 
l)i,l,‘ljilii/s, ii. 203, 208. 
jiiiHiln , ii. '2*5.5. 

J/iilniirnhis, ii. '263. 
hid vs, ii. *2615, ‘261. 
hill i/imii-i/i'lis, i. 131.^ 

hidi/imnirn/ilvs, i. 1*',. 
hinifi;ir<"f<' {<'■> rill nun). :50'2.^ 30.5.^ _ ^ 

Ih'hliorrjilniliis, i. ‘557. 3*5:’., ^3*,. ,, l5t>t,. 
hliiinr/iliiidun, il. '.52. «, 'i'Jn, 228. 

Dimyai v llivalve-^, i. 1<>0. 
hinii/lii.s, ii. 41D 
hind!/mrm\ i. 37i*.^ 
hiiid/niiriiidn , i. 37'.). 
hivirlilfi.'/s, ii. In'). 
hiiiirtis, ii. 402. 
hiiinlinlvs, i. 462. 
hhiorrrns, ii. 370. 371, 547'2, 3715. 
J/iiiorri'iitn , ii. 370. 
himipliis, ii. 100. 

Itiihiniis, ii. 257, 2;»8. 
hiiinriiitkidir. ii. 2.57. 

/hnnsniiriii (.see Ih’i iinsniirin). 

hionidc, i. 372, 373. 

2 i; 
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i. ‘215. 

hiplaointhm, ii. 14(3. 

Ihphu'odon, ii. 322. 

Ihplncidtiris, i. 231. 

i. 498. 

hipladns, ii. 1.59. 

l)i p/iM/i'iipt i. lb/, 1(39, 1/0. 

hipUlhrUa, i. 191. 

Ih’p!i>pln-i(s, ii. 140, 142. 
hlplnpus, ii. 350. 

Ihpbn'id^ i. 193. 

I )i plnsiiii I'Ks, ii. 21*2. 

fji/hun, ii. 120, 141; oli.ariK’U'rs of, ii. 
Iti4. 

, ii. 41(1. 

Diprioiii'liaii ( ;raptoliti-.s, i. 107. 
nipnilii>/'>ii, ii. ‘295, “290. 

hlpi'nfndnlUitl { .\f lll SU pinl iu), 11, 281>. 

niptf'i'd, i. 407 . 

IhptrfKs, ii. 140, in, 168, 169, 170. 
fJipiis, ii. 410. 

/h\s,>sb r, i. 239. 240. 
hlsidim, i. 4 11, 459. 

H,drnud„ , i. 44(1. 442, 459. 

I h'x'" I' l-'', i. 347, 34“', 349. 

I ) iso nr ms, ii. 67. 

I tisoidrnaia , i. 149. 
hio-oidm., 238, ‘239. 

Itiso.pfirrUn, i. 432. 
hiso'/'ld nn, i. 9'.(, 101, 110. 

I iiso.isdii riis, ii. '2‘2‘2. 

l.)iss(‘j»iim‘iit.s ((.'or.il.s), i. 183. 
Ih'slir/injinm, i. 172. 
f >1 f/o/rnoi I'is, i. 347, 349- 
liil/rmfirin, ii. .3((. 
hitriijxi, i. 310, 315. 

Ihido, ii. 203, 204. 
iKihdifti, i. 491. 

Ihilir/itisiiiin/s, ii. 205. 

Ijnliid/osoiidi., ii. 18.5. 

Doldiiiilf, i. 19. 

Ihnuir, i. .505. 
bmrathrroio, ii. 360. 
h(,ri/r rill IIS, i. 278. 
fjifSifii't, i. .504. 

/oossnia, \. m. 
hmiintlirruiin, ii. 3,58. 
hf'iiiini urn IS, ii, *2.59. 

Iirninnlhn-iinn, ii. 284, 200, 291. 
Iti'iiiiiiii, i. 3,93. 

I irintidili’s, i, 

I h'liiiiiK' Unit , ii. 4*K). 

Ihi/andni, ii. 108. 
hrynhstrs, ii. ‘293,, ‘298. 
l)ryopilliojis, ii. 4‘20. 

Itryptndim, ii, 375. 
hryptfisiiii ms, ii. 235. 
hunriimlln, i. 189. 

IhfSdsIrr ( -oe JJisiiyfrr). 

Jjy.slmpha'iis, ii. 237. 

Ehaliit., i. 394. 

Kcridinin phniiis, ii. 41, 42, 
hkhidna, ii. 286, 2.‘^7. 

Erdumys, ii. 408. 

EchiiLanthus, i. 241. 


Echiiiariudniiits, i. 241. 
hkhinido, i. 23,1 , 233,. 

Ikhinubrissida, i. ‘238, 240. 

Ei'/iinidirissits, i. ‘210. 

Kcliiiivconidii , i. 238. 

Ei'/i inomridii , i. 241. 

Ei/iiiiiHyii III IIS, i. ‘211. 

Krhinorystitcs, i. 254. 

Kchiiiiidi i'iiKidii, cliaractcrs of. i. 224 : 
onli'is of, i. ‘2‘25-305 ; ili.strilnUioii of, 
in time, i. 225. 

Echinodon, ii. ‘205. 

Er/iiiiumi rill IIS. i. ‘292, ‘294. 

Eidiiiinldoi , cli.aractors of, i. 220-230. 
Ei'lu itnidoi mdin'iphru, i. 230; 
dioi. i. 23,7. 

Erltiii'di'iiip'idii , i. 238, 240. 

Ei'/i liiii/ii III pus, i. 211. 

Erli 1 Ill'll idii . i. ‘238, ‘240. 

El'll iiiiispidiiyus, i. 243. 

Ei hiiins/i/iu l iti s, i. 290, 292, 293. 

El'll i it'il/i ii rut , i. ‘231. 

Eiliiiii’flmridii, i. 227, 230, 233, 23,1, 
‘237. 

Ediiph.idiis, ii. 151, 1.55. 

Edf iitiitii, cliaractcrs <if, ii. 299. 

Edi'sirs, ii. 159. 

Ed, stnsiiiims, ii. ‘200. 

Ediiii.iidi.i, i. 508, 509. 

Ed rinplifliiil iiifitii , i. 3,87. 

Edriniistrr, i. 252, 253,. 

Edriniisti ridii , i. ‘252. 

Eii'liinddiii, i. 45o. 

Eliisiiiiihriiiirlill, ('h.ararU'rs ot, ii, 152; 
families of. ii. 153; distrilaition of, in 
tinio, ii. 153. 

Eliisiiind iis, ii. 1,>4, 1 0*1. 

Eliisiiiiisii ii ms, ii. ‘222. 

Ehisiiiiithi rmiit, ii. 329. 

Eliili i idii , i. 407. 

Elmcriiiiis i. 3,0 1. 

Elrphiis, ii. 379. 3S0, 3,81. 382,383. 384. 
Klk, ii. 301 ; Irish, ii. 333. 
Ellips,„:pliiiliis, i. 353, 303, 3,05. 307. 
Einruis, ii. ‘202. 

Eliitln rimn, ii. 3, 40,, 317, 348. 
Eiunryiiiiilii, ii. 31, 32. 

Eiidxisis, ii. 415. 

Einiiinnsiii, i. 19!h 200. 

Eiiii/didii, ii. 190, 197. 

Eiiiys, ii. 197. 

Emit him is, ii. ‘209. 

Emdiiisiiuriii, ii. 217. 

Emdfiilirliii, i. 190. 

Emlindiis, ii. I‘25. 

Em rill idii , i. 282. 

Em rinuridu , i. 378. 

Em rinurns, i. 353, 303, 378. 

Em riinis, i. ‘281, ‘282. 

Eiidiirj'rns, ii. 27*1. 

Kn<|oj.;uns, ii. 130. 

Eiidii/im'hys, i. 196. 

Emliifliyrn, i. 10O, 111, 112. 
Em/yiiiiiifi, i. 374. 

Enh yd I'indi'ii, ii. 396. 

E.mipUidylia, i. 392. 
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Eiii'ItJiih'iilliis, ii. 00. 

Ku/n/uphuni, i. 4:}0. 

i. 17.^). 
i. o44, JUf). 

'’!ji IIS, i. 044, 34.1. 

ICiifnino.sf rill'll, i. 341. 

I■:„h,lsil,■lls, ii. 373. 

Kui iiliiris, i. 235. 

Eni'iisfili's, i. 200, 202. 

Enhijijiiis, ii, 320, 337. 

EnJii/iis, ii. 347. 

Ei'jili ri/inis, i. 40(i, 401. 

’•^'ijJi ii. 43;i, 440, 111. 

'^nph rls, ii. 4.34. 435. 

'•lusn n ms, ii. 100, 21(», 217. 

'•'nSCili'lli iis, i. 40U. 

r^'is/iniH/iii , i. 148. 

J'^'‘/lnn II III , ii. 310. 

Eir:un,i, i. 121, 125. 

^.'/||||'l"(■rl )i IIS, i. 281. 

E/./iniirrii/'i , i. 4"5, 400. 

ElJinnrrifi's, i. 400. 

Ejiiiish r, i. 24.1. 

Ep.rinilvii, ii. 353. 

Eniiiihi, ii. 33,5. 

J'jjiiisi hii'iii , ii. 43)1, 435, 130, 111, 151. 
Euiils, fi'/rs. ii. 43S, 402. 400. 

Ei/iiiis, ii. 335, 33)0, 337, 33^^, 330, 340. 
Erlrhlhiis, i. 300. 

F.i'iiinjili illl n m , i. 210. 

Eriiiiii'i iifii, ii, 414, 415. 

Eriiiiirnis, ii. 415. 

Eniiiii/s, i. 370. 

Erriiiifiii {Aiiiii'lli/ii), i. 300, 31.5-320. 
Ei i/nii, i. 302, 3,03. 

E I'l/fli ri>iiiiii'Ii IIS, ii. 2.>8. 

Esrlmrii, I. 120. 

Esrhiiriifii. i. 120. 

E'^niiilii, ii, 12.5. 

Esflirriii, i. 317. 3.50. 

Esiliiniijx, ii. 415. 

Ellii rliliiiit , i. 140. 

J’jii'iil iijifni ri II ii/ii , i. 270. 

Eih'iil ii/ifiK rliiiis, i. 270, 2.'^0. 

Em hill in, i. ‘2.58. 

Eiiri/i ! ill in m , i. 131. 13,2. 

Eiiih'jiliits, ii, 3, SO, 381. 

!■'. Ill just rr, i. 210, 255, 250, 2;»/, 2;>8, 
Eiiiiniiiiii'iiiu/ii, i. ‘2S2. 

E ih/i II iiii rl II ns, i. ‘282. 

Eiii/rrmii , i. 407. 
l-'.iilii 1 in , i. 1011, 

Enliiiiii, ii. 10. 

I'iii III h'l'nlis, i. 478. 

Eiiniiipliithijiti'riis, ii. 21. 

I‘! iiiiiii jiliiil IIS, ii. 2.3, 24, 

I'iii jiiitiiiiiis, i. 243. 

Eiifi/iuh, rill, i. 404. 

Eiiplmlrllii, i. 143. 

Eiiplrrlrlliihr, i. 147. 

Eiipriiiips, i. 385. 

Ell psii III III ill, i. 11*0. 

Eiipsiiiiiiiiiilii , i. 100. 

I'.lirrti', i. 140. 

Enn tii/ii , i. 140. 

Eiirpalc, i. '258. 


EiirpiJisiiiii, i. 400. 

E Ill'll nonius, ii. 130. 

Eiininotns, ii. 130. 

Eiiri/pfrriila, i. 384. 

Ell I'll /lie ras, i. 381, 3„S2, 383. 
Eiii'i/lJirrliiin, ii. 351. 

J-.iis/iirn, ii. 15. 

Ensloifi.ii, ii. 18. 

En lulus, ii. 3o7. 

Ern/iiiinriis, i. 383. 

E.rr/issii, ii. 18. 

K.\o;_-:i‘ii.s, ii. 430. 

E.riiiii/fd, i. 47-j. 

E'-sli/inUlcs, ii. 433, 

E.rtriii.riniis, i. 208, 283. 

l'':u.i;il .suture of Triloliites, i, 354. 

Eiii/its, ii. 400. 

For nil, i. 140. 

Fiisi'iciifii rin, i. 433, 434. 

Fnsi iiihiriii, ii. 0. 

F'l ishllu, i. 1.88, 10'2. 

Fimsl(is, \, ISI. 100, 200. 

F'lmsiliihi, i. 105, 100, 108, 100, 20l. 
J'liriisiti/mni, i. 108, 100. 

F'l mill rill, ii. 450, 401. 

/•'.//, 5 /, ii. 302, 400. 

Fills, ii. 401. 402, 40.3. 

Fi lsi iinl lii’i'i n.iii , ii. 3)11. 

F nisirl/ii, i. 158, 101, 120, 421. 
Fmis/rlliili’, i. 420-4‘23. 

I'Vrns, ii. 43.4, 43,5. 130, 437, 438, 1 10, 
4.52, 403, 10)0, 407. 

Fihiihi, ii. 18. 
ii. 408. 

Fih'i'is {srr Kerns). 

Fihiiii'tinii, i. 31.5. 

Firnliihi, li. 0, 38, .30. 
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